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ABSTRACT 


The doctrine of prior entry maintains that selective attention 
biases the judgment of the temporal order of closely successive hetero~ 
modal stimuli. Experiments I and II were designed to replicate studies 
that had previously supported the doctrine. Prior entry trends, evident 
in both experiments, precipitated Experiment III which was designed to 
test the hypothesis that unequal, channel-specific processing was 
responsible for the perceptual phenomenon. Experiment III resulted in 
a massive prior entry effect which undermined the unequal processing 
model and Jed to the tentative conclusion that the prior entry pheno- 


menon may be due to a channel-specific response bias effect. 
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CHAPTER I 


INTRODUCTION 


Components of skilled performance follow and then precede one 
another along an invariant temporal dimension. In perceptual-motor 
learning, the ability of the novice to integrate the separate components 
of a particular skill is the primary concern of the physical educator. 
In most skills, the body orientation, summation of forces, and temporal 
factors associated with the performance must necessarily be merged into 
a unitary, albeit dynamic, gestalt. At the same time, the performer's 
perception of the nonstatic sensory milieu must also be considered. In 
his discourse on the "spiral towards motor complexity," La Fave (1972) 
has used the term "sub-additive fusion'' to describe the smoothing or 
automization of motor behavior in later learning. In his terminology, 
the learner conceptualizes task components during early phases of skill 
acquisition, slowly allowing nature and the "wisdom of the body" to chip 
off the corners of the original components to form a whole movement pat- 
term more economical than the sum of its parts. Certainly, La Hates 
description of the automation of motor sequences is in consonance with 
empirical evidence of motor skill acquisition. Lashley (1951) has 
described the capabilities of the accomplished musician who, during the 
performance of an arpeggio, may execute as many as sixteen successive 
finger strokes per second. Such high speed motor performance is learned 
through the additive process of component chord fusion. With practice 


the musician need merely to call upon the motor program for a particular 
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arpeggio and the effector mechanism produces the output. Such a highly 
skilled performance, mediated by the concatenation of distinct motor 
programs, is the refinement of the synthesis and eventual welding of 
elemental molecular components through time. Central to any discussion 
on skill acquisition is the notion that all perceptual-motor tasks 
require a time-flow progression. The ability of the skilled performer 
to process the fused or inter-locked components of a particular action, 
or scenario of actions, is constrained by the performer's ability to 
perceive the temporal order of event components as well as the order 
judgment of entire events themselves. Paramount in La Fave's (1972) 
model of skill development is the assumption that the operator can 

and does process the additive components of a skill in the correct 
serial order. Likewise, in the ever changing environment in which 

the learner or experienced performer of physical skills is often-times 
immersed, the valuable capacity to perceive the order of peripheral 
events which, depending upon their order, may necessitate the initiation 
of different motor commands, must also be considered a basic ability 

of the human operator. Indeed, the basis for success in perceptual- 
motor tasks relies upon the performer's ability to determine when to 
act and not merely what to act. In this view of the human operator, 
skill acquisition is based upon the fusing of discrete component move- 
ments through the dimension of time to produce a smooth, sag aiaered 
output. Fitts and Posner (1967) allude to this point when discussing 
the hierarchical and sequential organization of skills; and Robb (1972) 
discusses the temporal as well as spatial information of motor skill 
retention by suggesting that the encoding of temporal patterning may be 


more fragile than the spatial qualities of particular movements. 
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Generally, the temporal characteristics of even continuous and coherent 
motor skills (Fitts, 1964) more easily decay or are more interfered with 
than the component subroutines. In view of the above, the performer's 
ability to perceive the temporal order of high speed events, not only 
his own movements, but those environmental changes occurring during the 
performance, is a prime consideration in research dealing with skill 
acquisition and psychomotor learning. 

How the human operator categorizes events in the continually 
changing flux of sensory information is the basic question in research 
dealing with perceptual processing (Dodwell, 1971). Actions in the 
perceptual-motor environment of games and sports are generally preci- 
pitated by a synthesis of information arriving via sensory channels, 
the central processing of such information, and the response capabili- 
ties of the respondent. The performer's actions in the acquisition and 
maintenance of motor skills are the concern of physical educators in 
general, and motor learning and human performance theorists in particu- 
lar. By experimentally manipulating perceptual, cognitive, and voli- 
tional Rocher ese researchers have traditionally noted the changes in 
a performer's output to make inferences concerning the effect of these 
different performance processes. A major thesis underlying this study 
is the notion that, to fully understand the central organization of 
effected responses, human performance theorists must first address 
themselves to the primary problem of perception. It seems a tenable 
assumption that attempting to make inferences concerning central 
processes or effector mechanisms is a fruitless endeavor if the oper- 


ator's subjective perception of experimentally generated sensory 
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information is not in correspondence with the objective input. If 
actions are initiated by the optimal processing of perceived information, 
then of primary interest is the nature of the perceived information and 
what affects its fidelity. This study is interested in what the human 
operator subjectively perceives and what influences this perception. 

It has been suggested that the performer's ability to perceive 
the temporal order of closely-occurring, high-speed events is a primary 
consideration in motor skill acquisition. As such, research into 
temporal order judgment (TOJ) ability may provide insight into the 
potentiality and limitations of the perceptual-motor performance of both 
the learner and highly-skilled operator. The ability to judge the suc- 
cessiveness and order of closely-occurring temporal events is a highly 
sophisticated version of pattern recognition. As Dodwell (1971) has 
stated above, how the human operator categorizes events or identifies 
patterns is the basic question in research dealing with perceptual 
processing. In this regard, this study addresses itself to the nature 
of subjective perception by requiring a judgment of the temporal order 
of dese Seas heteromodal stimulus events under different exper- 
imental Pree mentee Of primary interest is the effect on TOJ ability 
when the attentional focus of the operator is experimentally manipulated. 
More precisely, this study attempts to test the hypothesis that per- 
ception is biased by the attentional set of the operator. This point 
of view, known in experimental psychology as the doctrine of prior 


entry, will be more fully expanded below and in Chapter II. 
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Purpose 

The purpose of this study is to test the prior entry hypothesis 
which states that the selective attention of a performer biases his per- 
ception of the objective occurrence of simultaneous or closely successive 
stimulus events. In its present form, the "law" of prior entry con- 
Strains all theories of high-speed pattern recognition by implying that 
the fidelity of objective sensory information arriving over different 
sensory modalities is distorted if the locus of the performer's atten- 
tion is directed toward one of the modalities, to the theoretical 
exclusion of the other, in a closely-occurring dual stimulus ensemble. 
The purpose of this study is to support or refute the doctrine of 
prior entry with evidence accumulated in experiments designed to test 


its validity. 


Hypothesis 


The doctrine of prior entry states that if a signal is attended 
to, the percept of that signal will arrive in conscious awareness prior 
to another signal that it actually followed or with which it was in 
simultaneity. According to the "law" of prior entry, therefore, 
attention biases temporal order perception and becomes a major variable 
in all perceptual-motor learning and performance situations involving 
the temporal Peco TUEton of environmentally-generated input as well as 
the performer's own output, be it perceived as feedforward (efference 
copy) or feedback (knowledge of performance and results) information. 

Viewing the human operator as_an optimizing organism, it did _ 


not seem intuitively beneficial for "man" to have evolved a perceptual 
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mechanism that would be biased by his attentional focus. Indeed, it 

was questionable why such a perceptual bias would benefit an organism, 
which throughout its phylogenetic development and survival had to 

depend upon the ability to make sudden and accurate decisions based upon 
the actual, objective state of his environmental surround. In view of 
this argument, it was an underlying hypothesis that the data generated 
by this study would disprove or at least qualify the "law" of prior 
entry. In the form of a null hypothesis, it was postulated that there 
would be opaierevence in the TOJ ability of subjects when under differ- 


ent attentional biasing conditions. 


Definitions 
The following is an alphabetical listing of terms and their 


corresponding definitions as used in this study. 


Auxiliary signal - The "complicating" signal to which no reaction is 


required. 
Catch trial - A trial when only the auxiliary signal is presented. 


Complex reaction time (CMPRT) - The amount of time from the onset of 
the primary Signal until the subject reacts to it. A simple reaction 


time task complicated by an auxiliary signal. 


Cue - A 500-msec stimulus, identical to the primary signal, used to 


remind the subject which signal is the primary stimulus. 
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Interstimulus interval (ISI) - The separation between the onsets of the 


primary and the auxiliary signals. 


Point of objective simultaneity (POS) - The simultaneous onset of two 


Signals generated by the experimenter. 


Point of subjective simultaneity (PSS) - The positive or negative ISI 
between two signals necessary for a subject to perceive that they have 


synchronous onsets. 
Primary signal - The signal to which a reaction is required. 


Prior entry - The doctrine proposed by Titchener (1908) that hypothe- 
Sizes that TOJ ability is biased by the attentional locus of the per- 


former. 


Simple reaction time (SRT) - The amount of time from the onset of a 


signal until the subject's first overt response to it. 


Temporal order judgment (TOJ) - The reported temporal ordering of the 


onsets of the primary and auxiliary signals. 


Temporal order judgment (auditory) (TOJAUD) - The TOJ ability of the 


subject when under an auditory attentional bias. 


Temporal order judgment (cutaneous) (TOJCUT) - The TOJ ability of the 


subject when under a cutaneous attentional bias. 


Temporal order judgment (no bias) (TOJNO) - The TOJ ability of the sub- 


ject when not under an experimentally controlled attentional bias. 
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Temporal order judgment (visual) (TOJVIS) - The TOJ ability of the sub- 


ject when under a visual attentional bias. 


Temporal order judgment reaction time (TOJRT) - The CMPRT performance of 


tae subject when-a TOJ is also required. 


Summary 


Human performance theorists are concerned with the processes 
underlying motor behavior. The most accepted model of the human oper- 
ator is to view him as an information processor. Using a left to right 
input/output model, researchers have manipulated the input, measured 
the output, and subsequently made inferences about central processes. 
The assumption in such research is that the experimentally generated 
information to be processed is subjectively perceived in perfect cor- 
respondence with the objective input before any subsequent processing 
occurs. This assumption, as far as temporal order resolution is con- 
cerned, may be questionable in view of the fact that a "law" of experi- 
mental psychology, the doctrine of prior entry, postulates that the per- 
ception St the temporal order of successive events is biased by the 
attentional focus of the performer. As such, because it is assumed 
that all processes underlying behavior are subsequent to perception, it 
is crucial to determine what exactly the human operator perceives. In 
particular, the primary question is whether or not attent-on affects the 
operator's perception of sensory information. 

This study is concerned with a comparison of the temporal order 
judgment ability of subjects under different attentional biases. The 


doctrine of prior entry postulates that perception is not orthogonal to 
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the operator's selective attention. Contrarily, it is the initial 
hypothesis of this study that the "law'' of prior entry may be a 
questionable doctrine; that the human operator has a more robust per- 
ceptual mechanism, which is not temporally influenced by the process of 
selective attention. The underlying thesis of this study is that tem- 


poral order perception will not be affected by the locus of attention. 
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CHAPTER IL 


REVIEW OF LITERATURE 


JUDGMENT OF TEMPORAL ORDER 


Complication Clock Experimentation 


The order perception of simultaneous and closely successive 
stimuli in different sense modalities has been of experimental interest 
since the role of attention was first explored in such tasks at Wundt's 
Leipzig laboratory in the last half of the 19th century. The usual 
methodology of these experiments required the subject to view a clock- 
face with a continuously rotating pointer and to indicate the cor- 
responding clockface position of the pointer when a discrete hetero- 
modal stimulus occurred. Such tasks were called complication experiments 
and were an extension of investigations into the problem of the "personal 
equation" in astronomical calculations (Boring, 1950; Fitts & Posner, 
1967). 

While different ModiPtcations of this basic paradigm were 
employed, (ie. von Tchisch (1885) used as many as five simultaneously 
presented stimuli, and Angell & Pierce (1891) shortened the arc of the 
clockface to the lower one-sixth of the circle), one basic finding 
was that on a large proportion of the trials, subjects indicated that 
the pointer was in simultaneity with a position on the ee before 
the actual locus of objective simultaneity (ie. the pointer coincided 


with position 8 on the dial when an auditory click was presented, yet 
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the subject reported position 7 as the point of subjective simultaneity). 
Such reports became known as negative errors and explanations for their 
existence occupied much scientific dialogue among early experimental 
psychologists. 

Geiger (1902) suggested that subjective preference to mode of 
observations, speed of pointer sweep, practice effects, and the local- 
ization effects of a circular apparatus due to gravity working with and 
then against the oculo-motor muscles, were mainly responsible for 
subjects’ performance. Negative errors were explained by von Tchisch 
(1885) as a "ripening of apperception," an early explanation from the 
Wundt laboratory. In effect, von Tchisch had suggested that subjects 
perceived the complicating stimulus before it actually occurred. James 
(1890) disagreed with this point of view, arguing that it was quite 
improbable that a subject would perceive a non-occurring stimulus and 
then not perceive it shortly thereafter when it did in fact occur. 
Other hypotheses for negative errors were explained in terms of a 
faster auditory and slower visual reaction time (Angell & Pierce, 
1891); the psychological problem of interrupting the visual percept of 
movement (the pointer) and substituting therefor a percept of position 
(James (1890); and even due to the subject's desire to do as well in 
observations as his fellows (Geiger, 1902). Titchener (1908) felt 
that assigning physiological or psychological factors to explain the 
occurrence of negative errors in complication experiments, was an 
unnecessary labor. To Titchener, the problem was one of attention: 
the subject was predisposed to process the non-visual stimulus (ie. 
bed etactua leo mpression .ebc,)s, therefore, vat the moment that the 


stimulus occurred, attention was shifted to the last visual input that 
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had been processed, that information becoming the subject's report. 
Thus, if the bell objectively occurred with the pointer at 5, the last 
visual information processed would have been 4, and since the arrival of 
the auditory signal delayed the processing of any new visual informa- 
tion, a negative error would be the result. Titchener concluded his 
discussion of the problem by stating that "the stimulus, for which we 
are predisposed, requires less time than a like stimulus, for which we 
are unprepared, to produce its full conscious effect (p. 251)." This 


"law'' of attention became known as the doctrine of prior entry. 


dhe Prior. Entry Hypothesis 


Dunlap (1920) described a number of observational techniques 
used by subjects in the complication experiment which he felt were the 
causes of the characteristic results that had been generated. Because 
these methods were considered a product of the experimental technique 
employed, he inferred that the prior entry effect was an artificial by- 
product of the complication clock apparatus. This evidence, when aug- 
mented by Geiger's (1902) finding that a gravitational interaction with 
the oculo-motor musculature produced characteristic "locational" errors 
in complication clock tasks, somewhat discredited Titchener's "law" of 
attention, relegating negative errors, the mediators of a prior entry 
hypothesis, to a confounding phenomenon of the bes catr dat aa apparatus. 

To test the law of prior entry, and forego the problems which 
Dunlap had associated with the previously used apparatus, Stone (1926) 
employed a different experimental paradigm. Her task required subjects 


to perceive an auditory-tactual complication at different interstimulus 
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intervals, with each pair of signals discretely presented after a warn- 
ing signal. Subjects were given varying instructions of attentional 
set and were required to report which stimulus occurred first. Stone 
concluded that the latent time for a sensation which the observer was 
attending to appeared to be less than the latent time of the sensation 
not being attended. These results gave credibility to Titchener's 
""law'' in that the prior entry effect, which Stone estimated at approxi- 
mately 50 msec, appeared to exist for discrete complicating stimulus 
ensembles as well as for the continuous stimulus displays of the earlier 
researchers. 

Forty-five years after Stone's work, Sternberg, Knoll, & Gates 
(1971) repeated her experiment, only unlike Stone or any of the previous 
workers in this area, these authors attempted to control the attentional 
bias by something other than instructions, and measured their success 
by something other than the prior entry effect itself. To do this they 
combined judgments of temporal order with a reaction time task in which 
subjects reacted to one of the two stimuli (the primary signal), while 
withholding a reaction to the other (the auxiliary signal). A random 
half of the trials were reaction trials requiring both a reaction to 
the primary signal and an order judgment, and the other half were catch 
trials, requiring no response. Both kinds of trials began with a warn- 
ing signal. There followed a cue, that was similar to the primary stimu- 
lus (to remind the subject that he was reacting to one of the two stimuli 
during that session), and then another warning signal. On a catch trial 
these preliminary signals were followed only by the auxiliary signal. 


Any reactions to these trials were penalized, although the experimenters 


Can 


ra | 


" Af My wan : nls - ‘on ) : : cy ie ah 


“se: bd toate feted ad vk esas 


i STW) iy: baa sa She te eh . 


somos eR Saupe: a nu tagliagi 


wae sea +8 aterm sas sro stoyal mis oa the sai at 


antvatese git tea? eta Say Sae8' aay setae beth oaa oa 
TALE eA TY, Dh aula! Eh ely Sota a asda ie) a ‘fo a tae 


, a f . aban at ' hea 


eat an nil epee ~) aan Sveti ai } aba “afl | y asitty an male ' a | 

. bi ive xt, rik 40 re xb aaa ts say ee acts ‘nha | 
Lesaaih etree) Loadies oe ba ahaa Gin abide ‘eam ‘eal 
» FaaII0e mee, al reve bie oe. “ban oe ne —- 
Reet Aine ob OT .ike ri aga) eae sone cater Hirt i ait, a etiien 
rio hatte &r Hans Sc: ine ket "8 dip a tate stihay rxegmer 24° emmangot 
| Mike. Cisagi é sian tse fet ani etapa. owe ‘arts ee ‘saa ot baron 
na } tagade nett bt arta) avin sins mobs: o ‘i Kid 
ae come ess. cdoed ai shi taba dete ride dete inay ota 


dott ati Mest xaliz Bie bs dame ebro, 0 tas bay mer 


Pou 


aoa iy axiy ati: pit 3 Sia an) sige aor arene ‘ri ok sali 


“vente ewan eH? ‘Ot vedi ate iinila site h Peweitink went 


eae er oie #0 an, jo | sateen: Fags peat ant ender oat saat va 
al darn e. 0 . tani sia asin wa bem ataoteane — 


? 
2 


i in : 
te ee ys - Vecee hae. ao 719) 


14 


did not describe the nature of the penalty. On a reaction trial, both 
signals occurred, with a positive or negative interval between them 

(ie. interstimulus interval -—90 (IST _99) indicated that a cutaneous 
signal preceded onset of an auditory signal by 90 mSeC; IST. indicated 
an auditory lead of 30 msec over cutaneous). The subject pulled a lever 
as quickly as he could after the primary signal occurred, and then indi- 
cated which of the two signals seemed to occur first. Control proce- 
dures were employed to test if the concurrent temporal order judgment 
(TOJ) task would bias the reaction times as well as to determine the 
effect of the reaction time task on TOJ precision. The authors indi- 
cated that subjects were able to maintain reaction time performance 
almost perfectly when order judgments were added and that subjects did 
not reduce the precision (slope) of their order judgments despite the 
etree reaction time task. The results of the Sternberg, et al. 
Study are idealized in Figure 1. The ordinate is the probability of 

the subject reporting that the auditory stimulus occurred first. Across 
the abscissa, from left to right, are the ISIsyemployed, with the cute-— 
neous signal becoming more delayed relative to the auditory stimulus. 
The curve to the left shows the psychometric function when subjects 
were under an auditory attention bias (ie. trials when subjects were 
reacting to the auditory signal); the right hand curve is the same func- 
tion for a cutaneous bias. ‘Sternberg, et al. seciened the 50Z-point of 
the psychometric function as the point of subjective simultaneity in 
that condition and the difference between the two 50%-points (ie. the 
distance between the curves), was considered the measure of the prior 


entry effect. For the subjects in their study, the mean prior entry 
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effect was over 70 msec. In conjunction with the 50 msec effect 
found by Stone (1926), these data gave further support to Titchener's 


A " 


mtcrnberg, et al, concluded by stating that ". .#.. the same 
stimulus pair can be consistently perceived in two different orders, 
depending on the state of attention (p. 12)." 

In reviewing these studies, Frey & Wilberg (1975) noted that the 
subject pool from which the prior entry "law" had been tested and con- 
firmed was meager and very homogeneous. In the relevant prior entry 
studies, a significant proportion of the subjects were either the 
experimenters themselves or their students, who were possibly acquainted 
with the prior entry law that they were testing. These investigators 
hypothesized that the basis of the doctrine's validity might rest upon 
the a priori knowledge of the "law" and the subsequent expectations of 
the performer. To test this hypothesis, naive subjects with no experi- 
ence in psychomotor experimentation, as well as no a priori knowledge 
of the doctrine of prior entry, were used to replicate the Sternberg, 
et al. (1971) study. A comparison of the results of the two experiments 
is given in Figure 2. The separation of the modality biased curves that 
is predicted by the prior entry hypothesis is not evident in the Frey 
& Wilberg study. In fact, there is virtually an overlap of the func- 
tions across the entire ISI range, despite induced attentional locus. 
In view of these results, Frey & Wilberg (1975) concluded that the 
attentional focus of the performer did not affect temporal order reso- 
lution. As such, Titchener's "law" was tentatively dismissed as an 
artifact of the a priori knowledge and expectations of subjects in the 


earlier investigations. 
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Figure 2. Comparison of the Results of the Sternberg, et al. (1972) 
and Frey & Wilberg (1975) Prior Entry Investigations 
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Vanderhaeghen & Bertelson (1974) had previously undermined the 
prior entry hypothesis by providing data which implied that selective 
preparation to give a fast identification to one particular stimulus 
did not necessarily affect the apparent time of occurrence of that 
Stimulus. However, the most damaging evidence against the law of prior 
entry has been given by Cairney (1975a). Using signa] detection mea- 
sures, Cairney showed that when attention was directed to one member of 
a pair of near-simultaneous signals, there was no tendency to perceive 
the attended signal as occurring relatively sooner. His methodology 
required subjects, naive to the prior entry hypothesis, to make deci- 
Sions about the sensory characteristics of one of the two signals 
employed. In the auditory-bias condition, either a high or low fre- 
quency characteristic of an auditory signal had to be identified prior 
to the TOJ. In the visual-bias condition, a judgment as to the length 
of right and left oscilloscope generated lines was required prior to 
the order judgment. Despite the fact that attention was biased to 
either the auditory or the visual signals in separate experiments, no 
evidence of a preponderance of either "attended" signal being judged as 
pearing relatively sooner Beer More recently, Cairney (1975b) 
has provided further evidence contrary to the law of prior entry by 
experimen ting with the complication clock apparatus of the 19th century 
investicators., Invthis final study, he Shey earencnee the classical 
"anti-clockwise" errors that were the basis of Titchener's formulation 
of the prior entry law were caused by the particular characteristics of 
the task and apparatus. This point of view strongly resembles the 


attack on the usage of the complication clock by Dunlap (1920) and the 
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proposition by Geiger (1902) that the "negative error" phenomenon was 
actually due to locational peculiarities of the apparatus and the 
human oculo-motor musculature, 

In summary, the early experimental literature has been supportive 
of the doctrine of prior entry while the later experimentation in this 
area has tended to discredit its validity. Because of the fact that the 
law had been tested under varying experimental paradigms and methodolo- 
gies, however, an unequivocal decision concerning the validity of the 


prior entry phenomenon has been relatively untenable. 


ATTENTION 


All research in the area of human performance is concerned with 
the capabilities and limitations of the human operator. As such, human 
performance theorists are necessarily interested in theoretical models 
of human behavior that have been generated in the complimentary disci- 
plines of acoustical research, verbal and motor learning, human factors 
and control theory engineering, and experimental, neurophysiological 
and cognitive psychology. This study concerns itself with the effect of 
attention upon the temporal order judgment capabilities of the human 
performer. The overt response of subjects is mediated by processes 
that occur from the moment that a relevant environmental change is 
detected until the effector mechanism is given a response directive. 
Along this time line of processing stages, the role of attention has been 
implicated in a number of provocative theoretical views of "man." A 
review of the more salient models of the human performer describes atten- 


tion as a conspicuous variable in each and every hypothesized process 
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from sensory stimulation to response. Attention has been impaicated, | 
by the doctrine of prior entry, to be a principal determinant of the 
Bet eholopical phenomenon of temporal successiveness and simultaneity. 
By examining current models of human performance it may be possible to 
gain a greater insight concerning ye nature of Re yen: its role in 
response execution, and its effect upon the judgment of tem- 
poral order. 

To facilitate the review of current literature in attention, 
the human operator will be considered an. information processor as repre- 
sented by the simple model in Figure 3. In this view, theories of 
attention that affect the “input side," (ie. stimulus encoding, percep- 
tion, patterm recognition, etc.), will be distinct from theories affect- 
ing the central processor (ie. recoding, subjective organizational stra- 
tegries, etc.), and models of attention affecting the "response side," 
(ie. decoding processes, response organization and initiation, etc.). 
In this way it may be possible to infer distinct causal implications for 


attention in each of these stages of information processing. 


CENTRAL 


PROCESSOR OUTPUT 


INPUT 


Figure 3. An Information Processing Model 
of the Human Operator 
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Several theorists have described the different connotations 
that the construct "attention" may be ascribed. Berlyne (1969) has cate- 
gorized attention as either intensive (the general arousal of the orga- 
nism) or selective (the narrowing of sensory input that controls sub- 
sequent behavior). Similarly, Posner & Boies (1971) have described 
attention in terms of arousal, selection, and limited capacity models. 
Moray (1970) also describes a number of different meanings for the 
concept of attention as does Treisman (1960). Consistent among each of 
these conceptualizations is the description of an attentional mechanism 
that can focus the effort of an organism (see Kahneman, 1973), in such 
a way that a determination of which sensory input.will subsume responses 
and which portion of the sensory milieu will be providing the necessary 
information for further action, can be effectively obtained. This 
characterization of attention is its selective nature, and will be con- 
sidered further as the operator's ability to differentially treat 
sensory, perceptual, centrally-processed, or response-oriented infor- 
mation. The following theories are a review of recent theoretical 
considerations of selective attention; why it exists, how it works, and 
where and when simultaneous and closely successive sensory events may 


be differentially treated. 


Afferent Neural Inhibition 

In a left-to-right model of information processing (Figure 3), the 
first effect that a consciously directed focus of attention upon a cer- 
tain input might produce is an actual attenuation of the afferent neural 


information of unattended stimuli. Physiologically this implies an 
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inhibition, attenuation, or complete blocking of the synaptic trans- 
mission of sensory information travelling the afferent pathways from 
sensory receptor surfaces to higher centers of the central nervous 
system. The best known investigations underlying this hypothesis have 
been cited by Hernandez-Peon and co-workers (Hernandez-Peon & Scherrer, 
1955; Hernandez—Peon, Scherrer, & Jouvet, 1956, 1957). Electro- 
physiological evidence by these researchers showed that a behavioral 
shift in attentional focus to a modality-specific stimulus caused a 
drastic reduction in evokéd potential amplitude in unattended channels. 
These results supported a "gating" or sub-cortical control function of 
attention. Despite some favorable reviews of Hernandez-Peon's results 
(see Meldman, 1970), current theorists in the study of the neurological 
aspects of attention are not in favor of the peripheral gating hypo-_ 
thesis. The primary reason for this is the fact that the Hernandez-— 
Peon, et al. results have not been successfully replicated. As an 
example, in attempting to verify an acoustical dampening of the 
cochlear nerve response in humans, Picton, Hillyard, Galambos, and 
Schiff (1971) found that while a nonspecific acoustical evoked potential 
and the contingent negative variation were sensitive to experimental 
manipulations, neural transmission in the auditory nerve was unchanged 
by the subject's attention. One of the strongest indictments against 
the peripheral gating hypothesis is by Worden (1966). The thrust of 
his criticism rests upon the fact that the auditory potential was 
affected by unrelated and uncontrolled methodological artifacts. Such 
criticism has recently labeled the peripheral gating hypothesis as 


"psychologically naive" (Walley & Weiden, 1973). The validity of any 
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sub-cortical "gating" mechanism of attention is dependent upon two 
crucial variables. The first is the control of the actual attention 

of the subject, the second is the neurophysiological indicant of periph- 
eral suppression. Peripheral gating theory has depended primarily upon 
-the circular argument that a reduced neural impulse implies a subjective 
state of inattention, while attention is paramount to an amplified 
evoked potential. The assumption that potential amplitude is correlated 
with attention may be argued based upon the fact that there is a lack 

of evidence that the evoked potential to a signal is increased in ampli- 
tude when the stimulus is being perceived (Horn, 1965). More recent 
evidence by Boddy (1973), using reaction ler enttee as the dependent 
variable, would also support the notion that potential magnitudes may 
not always correlate positively with the subject's state of attention. 
In that study, faster reaction times were correlated with reduced 

evoked potential amplitude. If it is assumed that attention directed 

to a signal reduces, or at least stabilizes, reactions to the attended 
stimulus, Boddy's results raise questions about therelationship of evoked 
potential amplitude and attention. As such, the peripheral gating 
hypothesis may not have been given as robust an Be OS treatment 
as may be required to validate or refute it; a different dependent 
variable may be required to fully test the theory. Until a more appro- 
priate metric is employed and, in view of the lack of support that the 
peripheral gating hypothesis has received, however, it may be tenta- 
tively rejected as a viable consideration in current attentional 


theory. 
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Differential Processing of Attended Information 


Selection before processing 


With the rejection of a peripheral attenuation or blockage of 
neural input, the next possible locus of attentional "control" of infor- 
mation is prior to perception, after simultaneous inputs have con- 
tacted short term sensory store (see Sperling, 1960), and there has 
been a junction with working or operational memory, hereafter referred 
to as short term memory. 

The most famous of the informational processing views of "man" 
was given by Broadbent (1958). In his model of human performance, 
attention served as a mechanism whereby irrelevant stimuli were filtered 
by a pre-set criterion, perception occurring only after relevant sensory 
information passed the filter and obtained access to a central process~ 
ing unit. Filter theory, as it became known, was discredited by results 
of studies which showed that subjects were capable of perceiving infor- 
mation on channels that they were not attending (Moray, 1959; Treisman, 
1960; Gray & Wedderburn, 1960). To salvage the filter model, which 
seemed to be a viable explanation of attention except for this discrep- 
ancy, Treisman (1960) suggested that incoming stimuli in an "unattended" 
message were not completely disregarded but were rather attenuated. Thus 
stimuli on the irrelevant channel in a dichotic listening task may be per- 
ceived if the threshold for activating the "dictionary units" in memory 
for the particular stimuli have a relatively low threshold. Filter 
theory, after Treisman's contribution, became known as filter- 
attenuation theory. In summary, it hypothesizes that simultaneous 


inputs are not perceived unless they pass through a pre-set filter or 
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have a low threshold for perception by nature of some relevance to the 
organism (Broadbent, 1971). 

The filter-attenuation model suggests that attention must pre- 
cede perception. If sensory information fails to pass the*filterPut 
Bemains in Short. term store until "the processing amit 1s clear.» Thrs 
implies that information may be stored in short term storage before it 
has been consciously perceived. When the processor is clear, the stored 
sensory information may then be processed and subsequently reach con- 
scious awareness. Such a theory would support, or lend credence to the 
prior entry hypothesis. The unattended signal in a dual stimulus 
ensemble would only be processed as soon as the attended signal was free 
of the processor. As such, it may be argued that the unattended signal 
would be consciously perceived as having occurred after the attended or 


predisposed stimulus. 


Selection after processing 


Filter-attenuation theory implies that only those inputs which 
have successfully passed the filter, or have an exceptionally low thres- 
hold for perception, reach the processing unit for further analysis. 
Deutsch & Deutsch (1963) proposed another explanation for the experi- 
mental results that had been generated in the studies which had led to 
the filter-attenuation model. These theorists suggested that all 
inputs reach the central processing unit in parallel, with a differential 
treatment of signals depending upon the heaviest weighting of signifi- 
cance determined by momentary intentions or habituated disposition. This 


analysis is considered preconscious: those inputs which carry the 
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greatest significance fire recognition units in the "dictionary" and are 
thereby perceived. Norman (1968), in a theory which closely resembles 
the Deutsch & Deutsch (1963) model, proposed that momentary intentions 
and lasting dispositions determined preset weightings of ‘significance 
associated with the parallel activation of simultaneous inputs. These 
weightings were termed "pertinence" and it was the combination of an 
input's pertinence with its sensory influence which determined which 
Signals reached awareness and dominated perception and memory. Both 
the Deutsch & Deutsch and Norman hypotheses of selective attention 
accommodate the prior entry hypothesis. If the significance or perti- 
nence of an attended input is more heavily weighted than an unattended 
Signal, the attended or predisposed stimulus would reach conscious 
awareness first and therefore be judged as occurring before a closely- 


successive or simultaneous input which was in an unattended channel. 


Analysis by synthesis and expectation 


Neisser (1967), having rejected the "negative" aspects of filter- 
ing and attenuation, contended that "irrelevant" stimuli were neither 
filtered out nor attenuated but rather "fail to enjoy the benefits of 
analysis by synthesis (p. 213)." Neisser suggested that selective 
attention consisted of the allotment of a limited processing capacity 
to the analysis of chosen stimuli and to the For nawe on of chosen 
responses. Underlying this hypothesis is a passive system operating 
below consciousness which groups and organizes sensory data prior to 
any conscious attentive processes. These pre-attentive processes are 


responsible for maintaining the features of stimulation to indicate any 
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necessary redirection of focal attention. Neisser suggested that per- 
ceptual analysis assumes selective attention and that this focused atten- 
tion assumes awareness. Kahneman (1973) has deemed this unlikely since 
complex psychomotor skills are often performed with little awareness 
although they demand extensive perceptual analysis. Avoiding this criti- 
cism, Hochberg (1970) has described a difference between perceptual 
analysis and conscious awareness. Awareness, according to Hochberg, will 
occur only if what is perceived has an association stored in memory. 
Perception, therefore, is described as the verification of a set of 
expectations stored in memory; with the assumption that only prior- 
verified sets of expectations are stored. Both of these models are 
closely related. For Hochberg, any stimulus which is not matched to 

its prior expectation in storage will be bypassed and forgotten, 

unless of course it has a significant relationship to the present 

task. For Neisser, the analysis by synthesis is quite similar to the 
production of the stored expectations in the Hochberg model. Again, 

the prior entry hypothesis may be accommodated. In both models, 

despite the fact that Hochberg attempts to differentiate between per- 
ceptual analysis and conscious awareness, the conscious perception of 
inputs is based upon the processing of chosen stimuli, the choice 
depending upon the relevance of the signals for active construction or 
synthesis (Neisser, 1967) or the matching of expected stimulation 
(Hochberg, 1970). Both theories might conceivably predict that an 
attended signal would certainly attain conscious awareness in prefer- 
ence to an input, or at least prior to an input, that was not relevant 


to an analysis by either synthesis or expectation. 
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Post-perceptual theories 


In all of the theoretical hypotheses of selective attention so 
far discussed, the locus of attentional control has been postulated to 
take place before perception or awareness. In other words, to selectively 
attend to a relevant signal has meant that sensory information, filtered, 
attenuated, synthesized or expected, has been selected for processing 
which has allowed for the perception of the selected signal to occur. 
In summary, attention was the prerequisite for perception. It may be 
argued, however, that perception occurs prior to attention. Evidence 
accumulated in studies of the orientation reaction (Lynn, 1966) and 
anecdotal evidence as well, supports the notion that an unattended 
signal may, depending on variables such as surprise, conflict, or 
intensity, attract attention. Norman (1968) has suggested that there 
must be some perception of "irrelevant" information so that the human 
operator knows whether to switch attention or not. Neisser (1967) 
alludes to the same point when he speaks of pre-attentive processes 
that organize a stimulus ensemble before inputs can be subsequently 
analyzed. For Norman, a pre-attention mechanism analyzes all sensory 
information to some extent, a point of view contrary to the single 
channel hypothesis originally suggested by Broadbent (1958). Based 
upon a large body of conclusive evidence, Keele (1973) has suggested 
that memory activation of sensory information is an automatic process 
acquiring no allocation of attention. In Keele's theory of attention 
demand, only processes subsequent to memory activation require atten- 
tion and are therefore mutually interfering. Important in the Keele 


model is the question of when conscious awareness occurs. Keele states 
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that simultaneous signals activate memory representations in parallel, 
and that mental operations can be performed on such information at the 
sensory level, before memory activation, or ‘at the actual level of 
memory activation. This point of view implies that conscious awareness 
of sensory information (ie. perception) is possible before attention is 
required or necessary. Evidence for this conclusion is provided by Pos- 
ner & Mitchell (1967) who reported that subjects were capable of making 
perceptual judgments based solely upon sensory information, prior to any 
memory activation whatsoever. At this level of information processing, 
perception of stimulus events occurs prior to the locus where atten- 
tion is required, namely subsequent to memory retrieval. In many 
respects a theory proposed by Reynolds (1964, 1966) as an explanation 

of the psychological refractory period (see Smith, 1967, for an overview), 
is quite similar to Keele's attention demand hypothesis. Reynolds, bas- 
ing his conclusions on the increasing reaction time to a second signal 
in a psychological refractory period, dual-stimulus reaction time para- 
digm, reported that it was the interference between two stimuli at a 
response selection stage of processing that gives rise to the refrac- 
tory phenomenon. To Reynolds, all processing prior to response orga- 
nization is orthogonal and parallel. Selective attention in the 
Reynolds' theory was necessary at the response initiation phase of 
information processing where a phenomenon termed the "temporary inhibi- 
tion of response" occurred. While Reynolds' model may not be considered 
an actual theory of selective attention, certain premises underlying 

his description of the human performer are relevant to the present dis- 


cussion. Of primary interest is the hypothesis that the interference 
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in processing simultaneous tasks occurs in the response organization 
phase of information analysis. If this is true, and evidence which 
assigns interference in processing multiple signals to an inability in 
initiating independent responses would suggest it is (Keele, 1970), then 
the selective allocation of attention is certainly not implicated in 
processes prior to response initiation. Both Keele (1973) and Reynolds 
(1964, 1966) have provided theoretical frameworks that suggest the par- 
allel processing of competing stimuli up to at least memory retrieval 
and response initiation, respectively. Constrained within these hypo- 
theses, the prior entry doctrine would not be supported. The biasing 
of attention to one of two signals should not affect the memory acti- 
vation and hence perception of the temporal order of occurrence of 
closely presented stimuli. Whereas neither theory addresses itself 

to the question of attentional effect upon temporal perception, should 
attention be focused upon one or the other of the signals, assuming the 
human operator has the structural precision to process the successive- 
ness of the stimuli, there is nothing to predict that selective atten- 
tion to either signal should in any way bias the automatic process of 


perception. 


Capacity models 


The models so far surveyed have adSentven "man" as a limited 
capacity channel with a fixed capacity. Moray (1967) has suggested 
instead that the human operator is a limited capacity processor. This 
theory contends that instead of explaining performance limitations in 


terms of structural bottlenecks, ongoing tasks themselves determine what 
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can be processed simultaneously. In this theory, man’s attentional 
behavior is not viewed as a transmission line of limited capacity which 
is a passive carrier of messages, but rather as a central processor of 
limited capacity which receives, transforms, and generates messages. 
Similarly, Kahneman (1973) has suggested a theory of attention based 
upon effort. This theorist, like Moray, suggests that there is a 
general limit on man's capacity to perform mental work and that this 
limited capacity may be allocated with considerable freedom among con- 
current activities. Kahneman's model hypothesizes that any number of 
activities may be made to occur by an additional input of attention 

or effort from the limited capacity. If there is spare capacity there 
is no interference between tasks; however, when the supply of attention 
does not meet the demands of the concurrent activities, performance 
falters or completely fails. The capacity models of Moray and Kahneman 
Suggest that there may or may not be a prior entry effect depending 
upon the available capacity of the operator. Kahneman's contention is 
that the number of activated recognition units in memory and the degree 
of their activation are affected by the amount of attention paid to a 
stimulus. In this regard, the capacity models may predict a prior 
entry effect if attention is biased toward one signal to such an 

extent that the available capacity is exceeded. If this were the case, 
Kahneman has suggested that an attended stimulus will "...have prior 
entry, ie. it will appear to have occurred sooner than a physically 


simultaneous unattended stimulus (p. 193)." 
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Gnostie- unite-activation 

In reviewing one final theory of attention, Walley & Weiden 
(1973) have presented a neurophysiological model which attempts to 
explain the actual physiological mechanisms underlying selective atten- 
tion. Using the term "lateral inhibition," these researchers suggest 
that when sensory input activates cell units in cortical regions, nearby 
cell units are inhibited. Walley & Weiden call these cell groupings 
gnostic units (after Konorski, 1967), and the inhibition of nearby 
gnostic units is a process called "cognitive masking." -It is cognitive 
masking that gives rise to the behavioral experience of "attending" to a 
specific task. In a reply to criticism by Feeney, Pittman, and Wagner 
(1974), Walley & Weiden (1974) clarify a position that is relevant to 
the prediction of their theory regarding a prior entry effect. Walley 
and Weiden write, "...stimuli which do not excite activity in the same 
gnostic fields should be encoded simultaneously with little interfer- 
ence (p. 541)." In addition to this statement, these authors augment 
their position by citing studies by Treisman and Davies (1973) and 
Rollins and Thibadeau (1973) which reported increased interference 
between stimuli simultaneously presented within the same modality and 
little or no interference in inter-model stimulus presentations. The 
prior entry hypothesis is based upon the interaction of selective 
attention with stimuli in different sense departments. In this regard, 
the Walley & Weiden theory of lateral inhibition would not predict that 
attention to one signal should affect the order perception of two 


closely-occurring heteromodal stimuli. 
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Perceptual reliability 

Paramount in the discussion of prior entry prediction within 
the framework of the attentional models cited above, has been the 
untested assumption that decisions concerning temporal order are based 
solely upon the time of perception of signals. Regardless of whether it 
is the difference in perception of the signals themselves or if the 
percept of each signal contacts a type of temporal order decision center 
(Sternberg & Knoll, 1973), this assumption holds that once perception 
occurs, the operator need only "read off" the order information, with 
no subsequent voluntary or automatic processing of the perceptual 
trace required. This assumption in no way undermines the prior entry 
hypothesis that attention to a signal biases temporal order judgment. 
Rather, it merely emphasizes that whether or not attention biases tem- 
poral order judgments depends upon whether attention biases the oper- 
ator's perception. In other words, attention is only a variable of 
interest until perception occurs; the subject is considered reliable 
in transmitting his perceptual experience, without any "load" upon 


either the memory system or further processing mechanisms. 


SUMMARY 


The early experimentation which led to the implication of 
attention in subjective temporal perception has been reviewed. The 
explanation for the negative errors in the complication clock studies 
presented by Titchener (1908) in the form of the doctrine of prior entry, 
and its subsequent experimental support in discrete dual-stimulus pre- 


sentations was discussed. The recent work by Sternberg, et al. (1971) 
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in reexamining the prior entry hypothesis and providing evidence which 
supported it, as well as the negative evidence provided by Frey & Wil- 
berg (1975), Vanderhoeghen & Bertelsen (1974) and Cairney (1975a, 1975b), 
has been reviewed. Structural and capacity models of attention were 
discussed. The models of Broadbent (1958, 1972), Treisman (1960), 
Deutsch & Deutsch (1963), Norman (1968), Neisser (1967) and Hochberg 
(1970) predict a prior entry effect given that required attentional 
conditions are met. These models contend that attention is required 
before perception can occur. The hypotheses presented by Keele (1973) 
and Reynolds (1964, 1966), however, do not support a prior entry 
hypothesis due to the fact that these models suggest that attention is 
necessary only for processes subsequent to memory retrieval or response 
initiation, respectively. No interference is assumed for perception 
which eesbee processes occurring before these stages. The models of 
Moray (1967) and Kahneman (1973) were reviewed and suggest that any 
and all tasks may be mutually interfering if available attention is 
exceeded. The capacity model predicts a prior entry effect, therefore, 
if attention is sufficiently biased to one signal such that there is no 
available capacity to process the other stimulus simultaneously. 
Finally, the neurophysiological theory of Walley & Weiden 
(1973), in explaining how the lateral inhibition of gnostic units in 
association cortex leads to "cognitive masking" and selective attention, 
Supports the position that the perception of heteromodal signals should 
not be disrupted by the attentional focus of the operator. Gnostic 
unit activation is hypothesized in the theory to inhibit only closely 


associated (by location) gnostic units. In this regard, inter-modal 
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stimulation should fire locationally different gnostic units which should 
rise to conscious awareness in parallel. 

The assumption that the operator's judgment of temporal order is 
based upon the time of perception was discussed. The critical question 
is whether or not attentional focus biases perception; the fidelity of 


the subject in transmitting the perception is considered reliable. 
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CHAPTER III 


METHODOLOGY AND RESULTS 


Experiment I 


METHODOLOGY 


Purpose 

Recent studies by Vanderhaeghen & Bertleson (1974), Frey & 
Wilberg (1975), and Cairney (1975a, 1975b) have provided evidence con- 
trary to the prior entry hypothesis. Unfortunately, neither of these 
experiments attempted to test the law within the same methodological 
framework as that employed by Sternberg, Knoll, & Gates (1971) who, to 
date, have provided the most compelling evidence that prior entry is 
a valid perceptual phenomenon. 

The purpose of Experiment I was to repeat the study by Frey & 
Wilberg (1975) with different, but perhaps crucial, methodological 
changes. The findings of Sternberg, et al. (1971), which gave credi- 
bility to the doctrine of prior entry, were not obtained in the Frey & 
Wilberg Study. The negative prior entry finding, however, was con- 
founded with three methodological differences between the two studies. 
The first was the fact that reaction time performance in the Sternberg, 
et al. study was rewarded. The second was that these same researchers 
presented a cue stimulus, similar to the primary signal, with a dura- 
tion of approximately 500 msec prior to the onset of the stimulus 
ensemble. The third difference was that catch trials were more frequent 


in the Sternberg, et al. study than in the Frey & Wilberg investigation. 
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The Frey & Wilberg study showed no effect of attentional bias on 
temporal order perception. These investigators hypothesized that the 
a priori knowledge of subjects in the earlier studies was responsible 
for the previously reported prior entry effect. Because no prior entry 
effect was evidenced in the Frey & Wilberg study, which used subjects 
naive to the prior entry doctrine, these researchers felt that an 
a priori knowledge explanation was adequate. However, in view of the 
methodological differences between the Frey & Wilberg study, which 
showed no prior entry effect, and the Sternberg, et al. study, which 
evidenced a large prior entry effect, the Frey & Wilberg conclusion 
has recently been viewed with suspicion. It is quite possible that 
attention was more adequately biased in the Sternberg, et al. study 
due to the fact that, with a cue before stimulus presentation, the per- 
ceptual mechanism subserving detection of the primary signal was "primed," 
possibly with a concomitant increase in subjective expectation. Such a 
point of view is supported by the notion that a cue brings an expected 
stimulus out of storage and into a state of high availability (La Berge, 
1971). Experimental evidence in choice reaction time experiments (see 
Hinrichs & Krainz, 1970), shows that subjective expectation influences 
speed of reaction. This supports the point of view that the lack of 
using a cue in the Frey & Wilberg study may account for less than a 
complete attentional bias toward the primary signal and hence a failure 
to produce a prior entry effect. This argument rests upon the assumption 
that expectancy and attention are highly correlated; a point of view 
underlying Hochberg's (1970) theory of attention and one which may be 


tentatively accepted given the fact that, even in Titchener's (1908) 
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classical description of the prior entry effect, he discusses "the 
stimulus which the subject is predisposed to perceive"; predisposition 
being synonymous with expectation. 

By providing reaction time feedback, Sternberg, et al. may have 
induced an even greater attentional bias toward the primary signal. 
Because knowledge of results (KR) was not given for TOJ performance, 
subjects may have considered the reaction time task as the more impor- 
tant of the two. This would seem especially probable in that Sternberg, 
et al. rewarded their subjects for reaction time performance that 
exceeded ''deadlines."' No KR nor reward was provided for accuracy of 
temporal order judgments. 

The ratio of catch trials to non-catch trials may also have been 
an influencing factor in the attentional focus of subjects in the two 
studies. In the Frey & Wilberg study, subjects erroneously reacted 
23 times of the 240 catch trials presented, for an error rate of 9.52. 
Although Sternberg, et al. did not report any catch trial information, 
it is likely that the greater percentage of catch trials in their 
study (50% of all trials were catch trials) did not surprise or "catch" 
their subjects to the same degree that a lower frequency of catch 
trials (9% of all trials were catch trials) "caught" subjects in the 
Frey & Wilberg study. Sternberg, et al. did not report any actual 
reaction time data but it is expected that with the high ratio of 
catch trials, their mean reaction time performance was slower, with an 
accompanying reduction in false alarms or reactions to catch stimuli. 
On the other hand, due to a lower representation of catch trials, the 
reaction time performance in the Frey & Wilberg study would likely be 


faster but with a greater percentage of errors. 
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Experiment I addressed itself to the confounding of methodological 
differences between these recent studies investigating the prior entry 
hypothesis. If, despite modifying the Frey & Wilberg methodology, there 
remained no change in the failure of the subject's attention to bias 
his order perception, then the postulated a priori hypothesis or perhaps 
some post hoc non-prior entry explanation would be supported. If, on 
the other hand, the data reflected the results obtained by Sternberg, 
et al., the doctrine of prior entry would receive the necessary suste- 


nance needed for continued longevity. 


Dependent Variables 


The dependent variables in this experiment were reaction time 
and temporal order judgment performance. To ensure that an attentional 
bias was maintained in the TOJAUD and TOJCUT conditions, reaction per- 
formance in the Donders' (1868) c-type reaction with TOJs required (the 
TOJRT condition) were required to remain stable and in correspondence 
with reaction time performance when no TOJ data was concurrently 
required (the CMPRT condition). The mechanics of the up-and-down stair- 
case procedure (see Procedure section below) insured that RTs in the dif- 
ferent attentional conditions were optimally stable. By introducing a 
payoff incentive for fast reaction time performance, this stability was 
anticipated. The TOJ ability of subjects was then comparable for dif— 
ferent attentional biases, including the TOJNO condition when no experi- 


mentally induced attentional bias was involved. 
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Preliminary Procedures 

Prior to the main experimental conditions, preliminary procedures 
were required. The first of these was the collection of simple reaction 
time data for each modality. The methodology was modeled after classical 
Donders' (1868) a-type procedure. These data were used to compute base 
line reaction time performance which was necessary in analyzing CMPRT 
and TOJRT stability and, more importantly, to assure familiarity with 
the reaction time apparatus. 

At the start of each experimental session, subjects were 
required to make a cross-modal match for intensity between an invariant 
72 db SPL burst of white noise and the cutaneous signal, mild electric 
shock to the forearm of the non-dominant arm. This procedure was neces- 
sary to avoid, or at least minimize, the use of unnecessary operational 
strategies based upon the subjective perception that signals- were 
not of equal strength. This procedure was employed before both the 


CMPRT and TOJRT conditions. 


Experimental Design 


Due comne nature of the up-and-down staircase procedure of 
adjusting ISIs in the TOJRT condition (see Procedure section below), an 
analysis of variance between CMPRT and TOJRT conditions was unnecessary. 
The TOJ from trial to trial was only considered if the reaction time 
associated with it was faster than one standard deviation above the 
related CMPRT mode. In this sense, reaction time data in the TOJRT 
conditions were not truly of experimental interest in that only those 


reaction time data exceeding the one standard deviation "deadlines" 


. panibesany nbiaitterg ediben ations 


‘ieiaiapn de ah wake to naka to we 


taohaeel a aes Kail Ys Sy cuart Baie ugnt rab sith 
‘ees a4 eines }. na hea \Biaaiw eb sabi i 

etc asl banaue 

THM gritey Cay8: ter 


x fo im / AUR ea bes Pe ‘ 

i a ee i Rte 5 eee os eg Pe eS i ELS Col | ak 
Hehe ve treble: ayuees OF eels jean: ae ae 
‘ q 4 { a i ri . mt 


Hiew etoepdus | 
trghwetal na maewied xacaged eh 48% aidan eboaeneaa, * “tu 


SerI94le bis ,targie 2 OD A, Joo oat tak panes enki 


se ene Ye ae ds a : ae ae an | ot Fete Ser Soe es bs oe “ i 

di tile YASS ey Sins, i a4) nik = 2 aha ent aa ao 
, setenv at pics gb. te) lo LDL. ie re oeansan adit: aoa ES 

: eas) dod sioted boyp tani. ait siaheieae anal signa 
i Say Be ae “ats thons SRE 
£6 sa bong seen dese, rei “bare ont ba wore suede eb a 


‘tl: Cub tietd ad kita ge. aries ott aa} sata s8te> as A wi it! wren 


o aes hs 


- aienenaiendiae waw anos Afb raven bee oe fieouord von ta " 
ats weiss peta ae ia eben, ew, fate eo fobur: deh 


“mult avods ics vi bibiehans = 6) bias ya eae - dit en 


Yeobr sink gaa aiitd rents «90hoe qiity al ,abow ote 


peo ylad serie, ad ii ck falta meg, ei) Shas 260 stow 4D 


aa Maqatibe ph" cats! ‘ves, iahaetg 2a ‘ite pee iinb vols 0 
Fi: i | | ‘ 
a ; | ‘a 
a3 7 
ia pe 7 _ an ’ a 


were recorded. This design ensured that the TOJ data were as true a 
reflection of an attentionally biased state as possible. 

The examination of TOJ bias under the different conditions 
of attentional bias utilized a subjects by treatments repeated measure 
design. In this mixed factor design subjects were considered random 
and treatments were considered fixed. The PSS, or 50% point of the 
psychometric functions, of each condition for each subject was the 
relevant datum for an analysis of variance (ANOVA). This design 
incorporated a variant of the t test in determining the F ratio 
(Edwards, 1972) and its rationale is explained in Appendix 1. In 
addition to the two-treatment ANOVA, within-subject data were indivi- 
dually plotted in accordance with methodological procedures introduced 


by Sternberg, et al. (1971). 


Task 
The experimental task was identical to that of Sternberg, et al. 


(1971) as described in the literature review in Chapter II. 


Apparatus 


All experimentation was undertaken in the Human Performance 
Laboratory in the Faculty of Physical Education at the University of 
sia The auditory white noise stimulus was provided by a General 
Radio Company type 1390-B random noise generator and delivered via 
headphones at 72 db. Sound pressure accuracy was obtained by cali- 
brating the auditory output with a Dawe Instruments model 1400G sound 


level meter. The cutaneous signal was provided by an Applegate model 228 
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shock stimulator and delivered via copper electrodes to the hairless under- 
side of the forearm of the non-responding limb. The center of the more 
distal of the 5/8-inch diameter electrodes was placed one inch from the 
base of the palm in line with the insertion of the flexor carpi radialis 
muscle. The second electrode was positioned between 3/4 and ls inches 
more proximally than the first electrode. The reference cutaneous exper- 
ience was a mild vibratory sensation that extended proximally along the 
radius to the brachioradialis muscle belly. Due to individual differ- 
ences in skin conductance, the distance Peecees electrodes was variable 
from subject to subject in order to obtain a subjectively similar 
vibratory stimulus experience. Once determined, a Lafayette two-point 
aesthesiometer insured accuracy to one millimeter in determining elec- 
trode placement, so that the exact location of electrodes remained 
constant for each subject throughout the experiment. The sequencing of 
warning signal, cue signal, and response stimuli was controlled by a 
series of Hunter Manufacturing Company Model 100-C, series E Decade 
Interval Timers. Reaction time was recorded on a Hunter Model 120-C 
Klockounter with digital readout capability. A series of relays and 
Memen isan, switches completed the circuitry. All stimulus generating 
apparatus as well as the experimenter were located outside of a dimly- 
lit, sound-attenuated experimental room. Wiring to the subject was 
completed through a patch panel behind the reaction time apparatus, 
which was a Burgess Products Company reaction time switch mounted in 

the vertical plane. A 24 cm by 13 cm plywood platform raised 9 cm by 
pegs on the far side housed the switch and allowed the subject to com- 


fortably rest the responding hand while initiating responses. The 
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vertically mounted reaction time switch provided a 3 cm lever requiring 
3 millimeters of throw and less than 50 grams of force to close. Sub-— 
jects closed the switch by flexing the index finger of the responding 
hand. After making a reaction time response subjects indicated TOJ 
information by depressing one of two microswitches located to the right 
of the reaction time lever labeled respectively "EAR" and "ARM" which 
energized a light on the experimenter's console relaying the subject's 


choice. 


Sub jects 


Subjects were six unpaid, volunteer graduate students in physi- 
cal education at the University of Alberta. All subjects were right 
handed, had no previous exposure to psychomotor learning experimenta- 


tion, and had no a priori knowledge of the law of prior entry. 


Procedure 

Instructions were delivered via tape recording to ensure uni- 
formity of presentation. The exact instructional information for each 
condition is contained in Appendix 2. Prior tos any experimentation, 
a cross modality intensity match was made as described above under pre- 
liminary procedures. In the SRT condition, subjects were given five 
practice trials to gain familiarity with the reaction time device and 
the warning signal schema, and then twenty reaction time trials in one 
of the modalities. The sequence of catch and reaction trials is dia- 
grammed in Figure 4. On a random half of all trials no reaction 


stimulus was presented. This procedure was utilized to familiarize 
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Figure 4. Reaction time paradigm for 
SRT condition 


the subjects with the catch trial nature of the reaction time task to 
be employed in the CMPRT and TOJRT conditions and to minimize the 
strategy of responding to a subjective time estimation of the maximum 
foreperiod duration. The range of the foreperiod interval was 500 msec 
minimum to 1000 msec maximum. These were the same values employed in 
Sternberg, et al. (1971) as related by Sternberg (1976). The first 
Pencdal warning signal and the primary stimulus cue signal were pre- 
sented for 500 msec. The second warning signal was 40 msec in dura- 
tion. The variable foreperiod began at the offset of the second warning 
signal. The subject's response extinguished the stimulus and stopped 
the reaction time clock. No reaction time feedback was provided during 


the first block of 20 trials. After this initial block of trials, the 
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reaction time data were analyzed for mean and standard deviation statis- 
tics. This analysis took approximately five minutes and served as a rest 
period at the midpoint of the SRT session. During the next and subse- 
quent blocks of 20 reaction trials, feedback was provided the subject. 
On trials in which the reaction latency was equal to or better than the 
mean of the previous block of scores, the experimenter verbally indicated 
such by the word "Good." On trials in which the reaction time was equal 
to or greater than one-half of a standard deviation faster than the mean 
of the previous block of trials, the experimenter responded with the 
word "Fast.'' On those trials in which the subject's response was equal 
to or greater than one full standard deviation faster than the mean of 
the previous block of trials, the experimenter said "Very fast." No 
response was given for those reaction times slower than the mean of the 
previous block of trials. This procedure was employed to emphasize the 
importance of speeded responses and to expedite an asymptotic SRT perforn- 
ance. No more than two 20-trial blocks of reaction trials were given per 
session. In this way, subjects were presented 85 trials per session: 
five practice trials, 40 reaction trials, and 40 catch trials. Subjects 
were required to provide SRT data until the t ratio between the means 
‘of consecutive 40-block sessions reached insignificance. Modalities 
were alternated from session to session and only one session was con- 
ducted per subject per day. 

After an asymptote for each modality was obtained in the SRT 
condition, subjects were introduced to the CMPRT condition. ihe pri— 
mary modality was selected at random and five practice trials were 


administered. Due to the difficulty of the CMPRT task, only 20 reaction 
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trials were administered per session. Thus only 45 trials in the 
CMPRT condition were required per session: five practice trials, 20 
reaction trials, and 20 catch trials in which the auxiliary signal 
occurred alone. The paradigm for the CMPRT condition is given in 
Figure 5. When the response lever was pulled the entire stimulus 
ensemble was terminated. Only one CMPRT session was conducted per 
subject per day. Similar to the SRT condition the mean and standard 
deviation of the preceding block of 20 CMPRT trials for respective 
modalities were determined to provide reaction time feedback in the 
CMPRT condition. Between signal, inter-stimulus intervals (ISIs) 
ranged from -120 msec (cutaneous preceding auditory) to +120 msec 
(auditory preceding cutaneous). ISIs were randomly presented. As in 
the SRT condition, t ratios were computed for between block means to 
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determine significant differences. In this way, subjects were required 
to provide CMPRT data until the difference between the means of 20-trial 
blocks per modality were not significantly different. 

When CMPRT performance reached a stable level, subjects were 
introduced to the TOJNO condition. The paradigm in this condition is 
represented in Figure 6. No reactions were required in the TOJNO 
condition and, as such, no cue signal was required. After the last 
bi-modal warning signal there was a variable delay and then both signals 
occurred at various ISIs. Unlike the CMPRT condition in which ISIs 
were presented at random within the range -120 to +120 msec, the TOJNO 
condition employed an up-and-down staircase procedure to change the 
Pele trom trial to trial (Cornsweet, 1962). A full explanation of the 


staircase method is given in Appendix 3, Basically the method adjusts 
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the ISI of trial n+l based upon the TOJ of trial n. In this way, the 
subject's own responses cause the ISI distribution to center rather 
accurately around the PSS. In correspondence with Sternberg, et al. 
(1971), two 40-msec step interleaved staircases were employed in the 
TOJNO condition until a criterion of convergence was met. This cri- 
terion of convergence required the mean position of the start and end 
of the second block of 20 trials to be less than two steps apart. 

When this criterion was met, four 20-msec staircases were begun at 
different ISIs about the preliminary PSS. Once the four staircase 
starting positions were established, subjects were given 60 TOJNO 
trials. The experimenter terminated the stimuli approximately 500 msec 
after onset of the more delayed signal. Subjects indicated which signal 
they perceived as occurring first by depressing the appropriate micro- 
switch after the stimulus ensemble was extinguished. No feedback was 
provided in this condition. 

Once SRT, CMPRT, and TOJNO data had been collected, subjects 
were introduced to the two main experimental conditions (TOJAUD and 
TOJCUT) to determine the presence of a prior entry effect. Figure 7 
(after Sternberg, et.al... 1971) iitustretes the paradigm employed. 
Depending upon which signal was primary and which auxiliary (auditory 
primary, cutaneous auxiliary in the TOJAUD condition; cutaneous pri- 
mary, auditory auxiliary, in the TOJCUT condition), subjects were 
required to respond to the primary signal at its onset and immediately 
thereafter indicate which of the two signals had occurred first. To 
ensure selectivity of response, a random half of all trials were catch 
trials in which the auxiliary signal occurred alone after the variable 
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combination of the CMPRT and TOJNO paradigms in which the subject was 
required to make a selective response to bias attention to the primary 
Signal and an order judgment of the relative occurrence of the two 
Signal onsets. Twenty reaction trials were given per session and, to 
avoid fatigue, only one session per subject was administered per day. 
Four 20-msec staircases were interleaved at various ISIs on either side 
of the TOJNO PSS. ‘Two of these staircases were positioned one-half 
step away from the other two staircases to provide ISIs 10 msec apart. 
This technique was introduced by Sternberg, et al. (1971) to increase 
precision and reduce any bias associated with larger ISI values. ISI 
values associated with a staircase were allowed to change only if the 
reaction time associated with the order judgment was within one 
standard deviation of the mean reaction time of the corresponding 
modality in the CMPRT condition for the first 20-trial block, and 
within one standard deviation of the mean of the previous TOJRT block 
for the remaining two TOJRT 20-trial blocks. Sternberg (1976) had 
indicated that in the original study (Sternberg, et al., 1971) reaction 
time performance "deadlines" had been established to maintain approxi- 
mately 25% of the trials exceeding (being slower than) the deadline 
criterion. The current study's procedure of allowing a change in 
staircase position only if reaction time performance was within one 


standard deviation of the mean of the previous block of 20 reaction 


trials closely approximated the 25% "error" rate of the Sternberg, et al. 


(1971) study. Reaction time feedback using the "good-fast-very fast" 
technique described above was provided after the subject had indicated 


the TOJ. No TOJ feedback was given. Three sessions per condition were 
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completed which provided 60 separate trials at various ISIs 10 msec 
apart about the PSS for each of the TOJAUD and TOJCUT conditions. Mean 
TOJRT per modality and associated standard deviations were also tabu- 
lated per subject to compare reaction time performance between the 
CMPRT and TOJRT conditions. For reasons described above, ee ng 
analyses between these two reaction time conditions were warranted. 

In keeping with the methodology of Sternberg, et al. (1971), 
probit analyses (Finney, 1964) were undertaken to estimate the psycho- 
metric functions and points of subjective simultaneity for each of 
the attentional conditions. Appendix 4 describes the method of 
probit transformation, use of the probit regression line, and subse- 
quent chi square analysis to determine goodness of fit of the regres- 
sfonu tof cl03: on Is b3 

At the conclusion of all testing, subjects were debriefed as 
to the nature of the study and were asked to relate any strategies 
they employed in handling the concurrent reaction time-temporal order 


judgment task. 


Analysis 


All reaction time statistics and probit analyses of the TOJ data 
were computed on the Digital Equipment Corporation PDP 11/10 computer 
located in the Human Performance Laboratory in the Faculty of Physical 
Education, the University of Alberta. All plotting was output on a 
Typograph Model 3 terminal plotter under the control of the PDP 1130 
computer “at the Computer Center, San Diego State University, San Diego, 
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RESULTS 


Mean cross modality matches of the cutaneous shock signal inten- 
sity to the invariant 72 db auditory white noise stimulus is provided in 
Table I. The session-to-session variability of the perceived intensity 
of the two signals averaged approximately 70 microamperes over all con- 
ditions. This amount of variance, caused by changes in skin conductance 
from session to session, indicated the importance of requiring a subjec- 
tive match prior to every experimental condition rather than setting 
the cutaneous signal strength at the mean of previous intensities or at 
some arbitrary stimulus strength. In the Sternberg, et al. (1971) inves- 
tigation, the cutaneous intensity was set at two times the threshold 
value determined prior to every session. The cross-modal method 
employed in this study appears to be a more accurate means of assessing 
subjective equivalence of signal strengths, especially in view of the 


fact that the threshold value of subjects seemed to remain relatively 


Table Ll. Mean cross-modality matches of cutaneous shock 
signal to invariant /2 db band limited white 
noise (microamperes) 


Mean Current Range 
Sli 120 105-140 
S2 105 | 80-145 
$3 135 90-195 
S4 70 B] Ohtake ie: 
s5 145 105-190 
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constant despite the fact that there was approximately a 70-microampere 
average range from session to session. 

Mean simple reaction time, standard deviation, and between 40 
trial block t ratios are given in Table II. The critical value of t 
was set at +2,38 (p <;.01) for a one tail) test with 78 degrees of 
freedom. Negative t ratios indicate an upward trend in reaction time 
performance and hence a flattening or reversal of improved reaction time 
performance. 

Without exception, all subjects reached an asymptotic CMPRT 
level by the second 20-trial block. As such, mean and standard devia- 
tion scores of the total 40 CMPRT scores are listed in Table III. Com- 
parable TOJRT data is also tabulated in this table. Due to the method- 
ology of including only those TOJ and reaction time data that met the 
one standard deviation deadline of the previous block of reaction time 
performance, all mean TOJRT scores, as expected, were faster than their 
corresponding CMPRT condition. This finding was important to the con- 
current TOJ-reaction time task in that reaction times in the TOJRT 
condition were required to be equal to or faster than the correspond- 
ing CMPRT condition to satisfy the requirement of selective attention 
in the TOJAUD and TOJCUT conditions. Because TOJRT performance was, 
in all cases, better than CMPRT performance, it was reasonable to assume 
that there was an optimal selective attention bias to the primary signal 
in the TOJAUD and TOJCUT conditions. 


Probit analyses provided psychometric functions for each subject 


per attentional condition. Table IV gives the PSS values and mean prior 


entry effect when PSS differences between TOJAUD and TOJCUT conditions 
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Table Lis 


Mean simple reaction time, standard deviation 


and between block t ratios 


Auditory Cutaneous 
Blocks ~ Blocks 
Subject 2 1 v3 3 4 
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ae Rays ys, 24.9 Spl) Zo Uae 2 
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u Tipe S73 =a G5) S P =O, 100 
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Table I. Mean complex and temporal order 
judgment reaction time 


Auditory Cutaneous 
Subject CMPRT TOJRT CMPRT TOJRT 
1 x 220 197, 258 208 
o 43.8 19:6 49.7 34.8 
2 x 205 198 21 52 ho 
oO Zone 34.3 Dil, 6 44,7 — 
3 x 230 215 267 226 
o 40.1 45.3 ZO ZOeek 
4 a 198 174 205 154 
oO 42.0 2553 40.9 2250 
=. a 226 220 219 207 
o 34.6 31.4 aie fag Gk 
6 x 229 203 248 207 
Oo Sea Dis de 3720 3976 


were averaged over subjects. The average PSS value for the TOJNO (no 

experimentally jinduc2d attentional bias) condition (-18 msec) indicates 
that, for the subjects in this experiment, in order for the probability 
of perceiving one or the other of the two signals as occurring first to 


be .50, the onset of the cutaneous signal was required to precede the 
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Table II. Points of subjective simultaneity 
for attentional bias conditions 
and prior entry effects 
at) a ee ee we 


Prior Entry 
Subject TOJNO TOJAUD TOJ CUT Effect 


] aN -30 0 30 
2 -20 -14 a) 23 
3 -46 - 7 ~46 39% 
4 -19 —62 af 69 
5) -14 -17 +24 4] 
6 -18 003 aN its, 11 
x -18 -22 0 22 


Mean prior entry effect: 22 msec 


*Reversal effect 


auditory signal by 18 msec. The PSS of -22 msec in the TOJAUD condi- 
tion indicates that when the task required attention to be selectively 
biased to the auditory signal, there was a slight horizontal displace- 
ment (4 msec) of the curve indicating that the cutaneous signal could 
lead the onset of the auditory signal by 22 msec and the subject would 
nonetheless indicate that their onsets were subjectively simultaneous. 
In the TOJCUT condition, the effect of a horizontal displacement of 
the PSS due to attentional bias was readily evident. When subjects 
were required to react to, and therefore attend to, the onset of the 


cutaneous signal, the PSS shifted in the direction of positive ISIs 
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indicating that, in this condition, the PSS and POS (zero separation 
ISI) coincided. In other words, there was no longer a requirement 
for the cutaneous signal to lead by 22 msec in order for subjective 
simultaneity to occur; there had been a 22-msec shift inothe PSs.) With 
the exception of Subject 3, who evidenced a 39-msec reversal effect, 
all subjects showed a prior entry effect that ranged from 11 to 69 
msec. Excluding Subject 3's data, the mean prior entry effect was 35 
msec which closely approaches the 50-msec effect as reported by Stone 
(1926), but is only half as great an effect as that ceported by Stern= 
berg, et al. (1971). In view of the fact that the mean prior entry 
effect in the Sternberg, et al. study was based only upon three 
"experienced" subjects of the total six subjects employed, however, 
it may be argued that the results of this study more closely approxi- 
mate the average effect over all subjects naive to the prior entry 
law. As suggested by Frey & Wilberg (1975), the cause of the prior 
entry effect may be due to an a priori knowledge of the law. In the 
Sternberg, et al. (1971) study, the three "experienced" subjects were 
the experimenters themselves. In view of this, the fact that the prior 
entry effect was not as large as previously reported, does not seem to 
be a cause of alarm. Even the fact that one of the six subjects showed 
a reversal effect is quite interesting in that Sternberg, et al. (1971) 
also reported that one of their subjects evidenced an uncharacteristic 
reversal effect. 

The individual and mean prior entry effects are represented in Fig- 
ure 8. The 95% confidence interval bracketing the mean prior entry effect is 


based upon between-subject differences. Ogives fitted to the individual 
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MEAN PRIOR ENTRY EFFECT: 22 msec 
95% CONFIDENCE INTERVAL: + 37.8 msec 


Figure 8. Individual and mean prior 
entry effects (msec) 


psychometric functions for.all subjects for the TOJAUD and TOJCUT con- 
ditions are provided in Figures 9 through ll. All functions show fitted 
proportion of trials in which the auditory signal was reported as being 
perceived first. All raw proportions are provided in Appendix 5. 

The statistical significance of the horizontal displacement 
of the PSS points was considered by means of a two treatment, repeated 
measure design with subjects considered random and treatments fixed 
(see Appendix 1). PSS data per attentional condition served as the 


appropriate dependent variable... The analysis of variance with alpha 
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SUBJECT No. 1 


O-—-O0 TOJAUD Y = 1.31 + 46x 
@&-@ TOJCUT Y = -204 + 64x 


PRIOR ENTRY 
EFFECT = 30 msec 


PROBABILITY (AUDITORY SIGNAL PERCEIVED FIRST) 


-30 -64 -38 -12 14 40 


INTERSTIMULUS INTERVAL (MSEC) 


SUBJECT No. 2 


O-O TOJAUD Y = 2.95 + 21x 
@—-@ TOJCUT Y = 265 + 20x 


PRIOR ENTRY 
EFFECT = 23 msec 


PROBABILITY (AUDITORY SIGNAL PERCEIVED FIRST) 


-100 -60 -20 20 60 100 


INTERSTIMULUS INTERVAL (MSEC) 


Figure 9. Psychometric functions for TOJAUD and 
TOJCUIT conditions (Subjects 1 and 2) 
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SUBJECT No. 3 


O-0 TOJAUD Y = 2.11 + .28x 
6-@ TOJCUT Y = 2.29 + 42x 


PROBABILITY (AUDITORY SIGNAL PERCEIVED FIRST) 


-100 -62 -24 14 52 90 


INTERSTIMULUS INTERVAL (MSEC) 


SUBJECT No. 4 
1.00 


O—O TOJAUD Y = 365 + 28x 
e—e TOJCUT Y = .15 + 47x 


.60 


PRIOR ENTRY 


EFFECT = 69 msec 


.40 


PROBABILITY (AUDITORY SIGNAL PERCEIVED FIRST) 


-100 -70 -40 -10 20 50 
INTERSTIMULUS INTERVAL (MSEC) 


Figure 10. Psychometric functions for TOJAUD and 
TOJCUT conditions (Subjects 3 and 4) 
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SUBJECT No. 5 


O-0 TOJAUD Y = 05 + 53x 
@e—e TOJCUT Y = -1.40 + 48x 


“} PRIOR ENTRY 
EFFECT = 41 msec 


PROBABILITY (AUDITORY SIGNAL PERCEIVED FIRST) 


ve 


\ Paves fists 2stee 
-70 -40 -10 20 50 80 


INTERSTIMULUS INTERVAL (MSEC) 


SUBJECT No. 6 
1.00 


O—-O TOJAUD Y = 1.22 + 35x 
@—@ TOJCUT Y = -1.09 + 52x 


80 


-60 


=—-} PRIOR ENTRY 
EFFECT = 11 msec 


.40 


-20 


PROBABILITY (AUDITORY SIGNAL PERCEIVED FIRST) 


O80 -48 -16 16 48 80 


INTERSTIMULUS INTERVAL (MSEC) 


Figure 11. Psychometric functions for TOJAUD and 
TOJCUT conditions (Subjects 5 and 6) 


? 
; eer) a ea 
"i 
e's 
he. @ 


eed : | nits sande Noh: oD | arg ht. ue 4 
eel: RO Bae exe Le 


62 


set at the .05 level evidenced an insignificant treatment effect 
a) = 2.34, p > .10) indicating that, despite a prior entry effect 
of 22 msec in the expected direction, statistically the prior entry 
hypothesis was not supported. In view of the above, the data generated 


by this experiment failed to reject the initial hypothesis that temporal 


order perception would not be affected by the locus of attention. 
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Experiment II 


METHODOLOGY 


Purpose 

A complete replication of the Sternberg, et al. (1971) method- 
ology provided results that did not ee ue See the prior 
entry hypothesis. The results of Experiment I did, however, reveal a 
definite prior entry trend for five of the six subjects. Because Stern- 
berg, et al. (1971) did not analyze PSS data for a significant atten- 
tional treatment effect, it cannot be known if, even in that investiga- 
tion, there would have been a statistically significant prior entry 
effect. This is indeed unfortunate in that, to date, the Sternberg, 
et al. (1971) study has provided the strongest evidence in favor of the 
prior entry doctrine. 

Experiment II was concerned with an investigation of the one 
variable that remained a confounding factor in the discrepancy between 
the statistically negative prior entry evidence of Frey & Wilberg (1975) 
and Experiment I, on the one hand, and the empirically positive prior 
entry trend results of Sternberg, et al. (1971) and Experiment I on the 
other. Auditory-visual pairs had been used in the Frey & Wilberg study 
following the methodology used by Sternberg, et al. in their second 
experiment. A prior entry effect, although only about 30 msec when 
averaged over subjects, was reported in that experiment. Due to the 
fact that no prior entry effect was evidenced in the Frey & Wilberg 
investigation employing auditory-visual pairs, it was considered a 
possibility that the auditory-cutaneous complication was required for 


an optimal effect to occur. In light of the fact that, despite its 
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statistical insignificance, there was a 22-msec PSS displacement in 
Experiment I, yet in the Frey & Wilberg (1975) investigation the psycho- 
metric functions completely overlapped (see Figure 2), this point of 
view was sustained. The question was raised: If auditory-visual pairs, 
naive subjects, and the Sternberg, et al. (1971) methodology were 
employed would the prior entry effect occur? 

Sternberg (1976) has suggested that the reason that he and co- 
workers did not evidence as large a prior entry effect with auditory- 
visual pairs as with auditory-cutaneous pairs may be due to the fact 
that the cutaneous and auditory systems are more "similar" than the 
visual and auditory systems and hence more attentional bias (suppression 
or selection) was required to avoid false positive reactions. This 
point of view parallels that discussed earlier when reviewing gnostic 
unit estiaia (Konorski, 1967) and the cognitive masking that may 
take place in gnostic fields (Walley & Weiden, 1974). It was con- 
sidered a possibility that the prior entry effect might be a function 
of the "similarity" of the physiological mechanisms subserving the 
different sense modalities. One earlier finding by Needham (1934), 
however, suggested that ana an hypothesis. may be invalid. Needham tested 
the prior entry phenomenon using homogeneous stimulus pairs and obtained 
only a modest prior entry effect. Unfortunately, Needham's methodology 
is open to question due to the fact that, similar to Stone (1926), he 
neglected to control unequivocably for attentional shifts. The fact 
thateoternberg, et al. (1971) did obtain a prior entry effect when 
using an auditory-visual complication should be explained. It might be 


possible that the a priori knowledge of three of the subjects in that 
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study was adequate to cause an artifact of prior entry to occur. Due 
to the fact that all subjects in the Frey & Wilberg (1975) study were 
naive to the prior entry doctrine, there was no a priori interaction with 
the sensory modalities and perhaps therein lies the reason why not 
the slightest evidence of a prior entry effect surfaced. This hypo- 
thesis gains strength when it is realized that the mean prior entry 
effect with auditory-visual pairs was less than half of the effect when 
auditory-cutaneous ae were employed in the two Sternberg, et al. 
(1971) investigations. The fact that experimental methodologies were 
also different between the two studies further confounds the question 
of sense modality, naivete, and prior entry. 

Experiment II was designed to unconfound the remaining discrep- 
ancies between the Sternberg, et al. (1971) and the Frey & Wilberg 
(1975) studies by using naive subjects, the Sternberg, et al. method- 


ology, and auditory-visual stimulus pairs. 


Dependent Variables 


To ensure that an attentional bias was maintained in the TOJAUD 
and TOJVIS conditions, reaction time performance in the TOJRT sengeh 
tion was required to be equal to or faster than the corresponding 
CMPRT condition. Similar to Experiment I, TOJ ability was the main 


dependent variable of experimental interest. 


Preliminary Procedures 


As in Experiment I simple reaction time datawere collected to deter- 


mine individual reaction time differences between the two sensory 
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modalities and to provide the subjects an opportunity to gain familiarity 
with the reaction time apparatus. 

Cross modality matches for intensity were conducted before the 
first three experimental sessions. The procedure. required the subject 
to adjust the auditory white noise signal until its intensity matched 
the invariant illuminance of a 125 v, 1/3 watt, experimental snaplight, 
one centimeter in diameter. Because of the very small decibel variance 
in the first three sessions, the mean db intensity of the auditory stim- 


ulus was used for all remaining sessions. 


Experimental Design 


The experimental design was identical to that employed in 


Experiment I. 


Task 
The task was similar to that in Experiment I except that the 


stimulus pairs were in the auditory and visual sensory modalities. 


Apparatus. 


The apparatus was identical to that used in Experiment I except 
that the cutaneous shock electrodes were replaced by <a Lo) jcn by s2Z>) ca 
plywood rectangle situated in the vertical plane, in the middle of 
which was a Leecraft model 3200 Experimental Snaplight. The neon 
lamp was located approximately 75 cm away from the seated subject at 
eye level. Low voltage was passed through the visual circuit, causing 


an attenuated glow behind the lens of the light making it easy to fixate 
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in the dimly lit experimental room. At stimulus onset, the post- 
energized condition was sufficiently strong to preclude any false alarms 
of stimulus onset during the pre-energized condition. The 'Arm''-labeled 


microswitch used in Experiment I to indicate TOJs was relabeled "Eye." 


Subjects 

Because of fairly large individual differences associated with 
the PSS data of the subjects in Experiment I, it was desirable to see if 
subjects who had evidenced a prior entry effect would do so again under 
the different stimulus conditions. In this regard, three of the sub- 
jects from Experiment I who had generated prior entry effects (Subjects 
2, 4 and 5) volunteered to be tested in Experiment II. The remaining 
three subjects were also unpaid volunteer graduate students in physical 
education at the University of Alberta. Similar to Experiment I, all 
subjects were right handed and had no a priori knowledge of the law of 


prior entry. 


Procedure and Data Analysis 


All experimental procedure and analysis of the data were identi- 


cal to that employed in Experiment lI. 


RESULTS 
Cross modality matches for intensity between the visual and audi- 
tory signals are given in Table V. The session-to-session variability 


of the perceived intensity of the two signals was negligible. 
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Table V. Mean cross modality matches of auditory 
white noise signal to invariant white 
light stimulus (db) 
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Sl 70 
S2 68 
$3 72 
S4 73 
S5 71 
S6 70 


Mean simple reaction time, standard deviations, and between 
block t ratios are provided in Table VI. Similar to Experiment I, 
negative values of t and positive values less than 2.38 indicated 
an insignificant improvement in the mean reaction time between blocks 
of trials. 

All subjects provided CMPRT data which yielded insignificant 
t ratios for between block means. The mean CMPRT and TOJRT values and 
associated standard deviations are given in Table VII. Subjects 2, 4 
and 5 in Experiment I retained the same designations in Experiment II. 
With the exception of Subject 4, who showed a 32-msec improvement in 
CMPRT performance, the auditory aspect of their CMPRT and TOJRI mean 
Values ts¥fairlyisimilar.viSubject 2 was the only subject to evidence 
a higher TOJRT mean than CMPRT mean in either modality. This subject's 


TOJRT mean of 217 in the auditory mode was 1/7 msec over the corresponding 
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Table VI. Mean simple reaction time, standard deviation 
and between block t ratios 


Auditory Visual 
Blocks Blocks 

Subject 1 2 3 yer 2 

1 x 206 184 216 245 242 
0 Selon 19.4 Pa ep) 17.4 17.8 
t ASRS 5.74 0.54 

2 Pe 275 Z12 230 226 216 
0 42.8 2206 20.01 36.4 Liha 
cf 7.837% S902 1.46 

5 a 202 193 228 224 
oO Vi20 16.8 20759 S10 
t 2.24 0.61 

4 re 198 17} 174 183 180 
O 49.6 201 21.6 28.5 20Ro 
2 3.088* =Un OL 0.10 

5 x He) 207 234 234 
o Me Py! Dene ro. 2 LGra2 
t =. 79 0.00 

6 x 176 172 210 PRIA 
o 16.6 19.6 23.66 EP. 
i 0.84 -0.44 


* Wipo wettest weie.vd Dip <3. Ol 


(rfp od eg at Ae ey Ain ff 


bie ape 
avi ; 
Pes 0 
ae can Se 
aha ass 
Oe DGC 
bud 
ve SSk 
y £e RDS 
fag 
vA dei | rey 
e iO. as 
| O£,0 


Ose 


Ce ee a 
; ry 


eee . 


a 


Ce ite al fe 


‘or 


ao po apne ni At ti 


| 
odin eel ae 


ee 
RE ee ow eet | 
on a ene rin Perens: basa Mae 5 
| pee 
a 
ke sj eae ne a, 


“a 
xs ; 
Tele! tance 

Arter 4 teen amp eames hadi mone Pt sae et — 


re) at 
| 2 * a 


Pi \ i 


oyaih 


& - 


a ee ee vin tear dienenteteleni : 


fab fay hs Wi 


Table VII. Mean complex and temporal order 
judgment reaction time (msec) 


Auditory Visual 
Subject CMPRT TOJRT CMPRT TOJRT 
1 % 220 206 235 217 
o 37.9 Se Tel Utes ve 2haT 
2 x 200 217 225 214 
o 8372 25.4 19.9 O19 
3 x 207 190 249 210 
G Bley epee 26.89 24.4 
4 Xx 166 165 192 178 
oO 26.5 36.3 24.7 33.2 
5 xX 228 209 261 226 
Go 3959 46.6 ED 1557 
6 x 186 183 220 206 
Go 28.6 26.0 23.0 16.1 


CMPRT mean. Even under an optimal attentional bias, this result is not 
completely improbable in that the standard deviation of the CMPRT mode 
was sufficiently high to allow for some deviance over the mean CMPRT 
mean. In this case, the standard deviation of the corresponding CMPRT 
condition was 33.2 and half of this value was the allowable "deadline" 


over the CMPRT mean. Seventeen msec was less than a millisecond over 
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this cutoff point and was considered within reasonable limits of an 
optimal attentional bias. Because TOJRT performance was faster than, 
or at least equal to, CMPRT performance, it was concluded that, for all 
subjects, attention was optimally biased to the primary signal in the 
TOJAUD and TOJVIS 2 sca a conditions. | 

As in Experiment I, probit transformation, regression lines, 
and psychometric functions were computed for each attentional condition. 
Table VIII lists the PSS for each subject for the TOJNO, TOJAUD,. and 
TOJVIS conditions, as well as individual prior entry effects. The mean 
TOJNO value of ~-33 indicates that, when not fe any experimentally 
induced attentional bias, subjects required the visual signal to pre- 
cede the auditory stimulus by 33 msec in order for subjective simul- 
taneity to occur. As in Experiment I, there was a horizontal shift in 
opposite directions from the TOJNO PSS for the points of subjective 
simultaneity for the two experimentally induced attentional conditions. 
In the TOJAUD condition, the mean PSS was -66 indicating that, when 
subjects were attending to the auditory signal, the visual stimulus 
could precede the noise signal by 66 msec and subjects, on the average, 
would report simultaneity. Conversely, when the visual stimulus was 
the primary signal, the light signal only needed a 2/-msec lead time 
over the auxiliary auditory stimulus for subjects to report simultaneity. 
The mean displacement of the oe tanta functions was 39 msec, a value 
nearly twice as large as the prior entry effect evidenced in Experiment l. 
Similar to the results of Experiment I, a reversal effect surfaced. 
The effect was evidenced by both Subjects 2 and 6. It was not con- 


sidered unusual that one of the subjects might provide data contrary to 
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Table VIII. Points of subjective simultaneity for the TOJNO, 
TOJAUD, and TOJVIS conditions and individual 
prior entry effects 


POPOL eneLry 


Sub ject TOJNO TOJ AUD TOJVIS Effect 
1 -38 rat A) -28 47 
2 +14 -13 =35) 24% 
3 ae =—/5 -26 49 
4 a =85 34 ES 
5 = 3 =-99 -48 Du 
6 -69 ~50 =u, 9* 
x -33 -66 = 2th a9 


Mean prior entry effect: 39 msec 


*Reversal effect 


the prior entry hypothesis, in view of the fact that the reversal effect 
came to light in Experiment I and in Sternberg, et al. (1971). What was 
unexpected was the fact that Subject 2, who had shown a prior entry 
effect in Experiment I, also demonstrated a reversal effect. Although 
this subject did not report any unusual strategy in handling the task 

in either Experiment I or II, it is interesting to note that the magni- 
tude of the two effects is almost identical (23 and 24 msec, respec- 


tively). This suggests that this subject may have subconsciously 


reversed the visual-auditory and visual-cutaneous tasks while maintaining 


temporal order precision. Table IX comvares the points of subjective 
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Table IX. Comparison of points of subjective simultaneity 


and prior entry effects between Experiment I 
and Experiment II for inter-experimental 


subjects 
ee ea en eee Pec) ee Se re a eee ee ee hs 
Prior Entry 
Subject TOJNO TOJAUD TOIJCUT) WEOUVES Effect 
Experiment Experiment Experiment Experiment 
I j Be JE Ee a ED I Ja 
2 -20 14 -14 -13 a -37 23 24% 
4 -19 - 3 -62 -85 7 34 69 PEs 
5 -14 -73 Ly Oo =O9 24 -48 41 51 
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UB ed 44 49 


Experiment I mean prior entry effect: 44 msec 


Experiment II mean prior entry effect: 49 msec 


*Reversal effect 


simultaneity and prior entry effects of the three inter-experiment 
subjects. From this table it appears that the source of Subject 2's 
reversal effect is located in the TOJAUD condition in that this sub- 
ject's PSS did not demonstrate the more negative ISI trend character- 
ized by the other two subjects. It is interesting to note that, 
despite the reversal effect demonstrated by San Oee 2 and the 50-msec 
increase in the prior entry effect of Subject 4, the mean prior entry 
effect of the three inter-experiment subjects remained relatively 
unchanged (44 msec and 49 msec, respectively). Figure 12 represents 
the individual and mean prior entry effects for all subjects in Experi- 


ment II. The 95% confidence interval bracketing the mean effect is 
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MEAN PRIOR ENTRY EFFECT: 39 msec 
95% CONFIDENCE INTERVAL: + 53.5 msec 


Figure 12. Individual and mean prior entry 
effects (msec) 


based upon between-subject differences. As in Experiment I, the rela- 


tionship between ISI and the probability that the auditory signal'was 
perceived first has been individually represented in Figures 13 
through 15. Appendix 5 provides all raw proportions by ISI per subject. 
Due to the fact that the mean prior entry effect was nearly 
twice as large as that obtained in Experiment I, it was expected that 
the effect would attain statistical significance. This was not to be 
the case. The critical value of F with one and four degrees of free- 
dom at the .05 level of confidence was 7.7/1; however, the ANOVA for 


the attentional effect on TOJ ability for this experiment revealed an 
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SUBJECT No. 1 


OO TOJAUD y = 621 + 23x 
e—@ TOUVIS y = 1.25 + 64x 


PRIOR ENTRY 
EFFECT = 47 MSEC 


(See 
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o 
e 

e 
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PROBABILITY (AUDITORY SIGNAL PERCEIVED FIRST) 


-100 -72 -44 -16 12 40 
INTERSTIMULUS INTERVAL (MSEC) 


SUBJECT No. 2 
1.00 


OO TOJAUD y = 1.78 + 33x 
e—e TOUVIS y = 2.18 + 39x 


.80 


60 


REVERSAL 
EFFECT = 24 MSEC 


40 


.20 


PROBABILITY (AUDITORY SIGNAL PERCEIVED FIRST) 


2400 66 “32 2 36 70 
INTERSTIMULUS INTERVAL (MSEC) 


Figure 13. Psychometric functions for TOJAUD 
and TOJVIS conditions (Subjects 


1 and 2) 
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SUBJECT No. 3 


O-O TOJAUD y = 460 + ee 
e-—-@ TOJVIS y = 185 + 38x 


I 


EFFECT = 49 MSEC 


PROBABILITY (AUDITORY SIGNAL PERCEIVED FIRST) 


100 -60 -20 20 60 100 
INTERSTIMULUS INTERVAL (MSEC) 


SUBJECT No. 4 


Om-O TOJAUD y = 357 + 33x 
ee TOUVIS y =-90 + 41x 
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INTERSTIMULUS INTERVAL (MSEC) 


Figure 14. Psychometric functions for TOJAUD 
and TOJVIS conditions (Subjects 
3 and 4) 
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SUBJECT No. 5 


O—O TOJAUD y =~-23 + 73x Lae 
@—e@ TOIVIS y = 42 + 73x 


PRIOR ENTRY 
EFFECT = 51 MSEC 


PROBABILITY (AUDITORY SIGNAL PERCEIVED FIRST) 


006 
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SUBJECT No. 6 
1.00 


O—O TOJAUD y = 220 + 31x 
e—@ TOIVIS y = 2.26 + 34x 


80 
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REVERSAL 
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40 
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PROBABILITY (AUDITORY SIGNAL PERCEIVED FIRST) 
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Figure 15. Psychometric functions for TOJAUD 
and TOJVIS conditions (Subjects 
5 and 6) 
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insignificant treatment effect Sa = POW Ie Dera lO)e  ekieaddl tion 
to the insignificant effect found in Experiment I, the results of this 
experiment provided further evidence against the validity of the 
prior entry doctrine. Yet, analogous to Experiment I, there was a 
definite tendency for the psychometric functions to be displaced depending 
upon the attentional focus of the subject. The mean PSS shift of 

39 msec was in close agreement with the 30-msec prior entry effect 
reported by Sternberg, et al. (1971) for the auditory-visual complica- 
tion, and was not that far removed from the Jo MSEC errect 1 epor ted sby 
these experimenters for auditory-cutaneous pairs when averaged over 
both experienced and naive subjects. In view of the fact that naive 
subjects judging auditory-visual pairs evidenced nearly a 40-msec hor- 
izontal displacement of the relevant attentionally biased functions, 
there was a strong indication that it was experimental methodology and 
neither the a priori knowledge of subjects nor the specifics of an 
auditory-cutaneous complication that were responsible for the different 
results in the Frey & Wilberg (1975) and the Sternberg, et al. (1971) 
investigations. These results underscore the importance of exact 
replication of methodology when Sy ees to export perceptual 
phenomena between laboratories. 

Unlike the non-parametric signal detection methodology employed 
in Cairney (1975a), the advantage of the Sternberg, etual.: (19/1), pro— 
cedure of plotting the psychometric shift of the TOJ functions enabled 
a determination to be made as to the actual PSS displacement for each 
experimental condition. The results of a negative prior entry effect 


reported in Cairney (1975a) offered no indication of the trend or bias 
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of response that might be predicted were the experimental procedure 

of that study replicated. More regrettably, the study did not indicate 
observed PSS data for subjects in the different conditions examined. 

As such, no determination may be made as to the relative approach of 

the data toward statistical significance in that investigation. This 
shortcoming of the experimental procedure in Cairney (1975a) is indeed 
unfortunate due to the fact that the study claims to have offered the 
most damaging evidence against the doctrine of prior entry. It was con- 
sidered a possibility that despite a statistically unequivocal denial of 
the prior entry effect in the Cairney (1975a) study there may have been 
an empirical PSS displacement in that study similar to that observed in 
Experiments I and II of this investigation. The fact that the original 
hypothesis of this study, namely, that attentional focus should not 
effect TOJ ability, has been supported did not, in and of itself, serve 
as the basis for a complete rejection of Titchener's (1908) law. 
Psychometric functions were displaced and a mean prior entry effect 

for both experiments was slightly greater than 30 msec. Experiment III 
addressed itself to the question of why there should be PSS shifts at 
all; and, regardless of the significance or insignificance of the 
magnitude of these function displacements, why they should be, on the 


average, in the direction predicted by the prior entry doctrine. 
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Experiment III 


METHODOLOGY 


Purpose 

The results of Experiments I and II failed to give statistically 
Significant support to the viability of the prior entry doctrine. Based 
upon the computed F ratios for attentional treatment effects on TOJ 
ability, the magnitude of the observed effects failed to reach signifi- 
cance. The fact remained, however, that, when all subjects who evidenced 
prior entry data were separately pooled, the mean prior entry effect of 
the two experiments averaged 49 msec. This degree of differentiation in 
the perceptual processing of closely-successive signals was considered 
psychologically significant in that in high speed perceptual motor 
tasks involving decisions concerning the relative occurrence of 
heteromodal stimuli, any stimulus-specific differentiation in perceptual 
processing appears to cause decisional task performance to be character- 
istically biased in the Facies of the differentially-treated stimu- 
lus. Even a differential perceptual shift as small as 30 msec, the mean 
prior entry effect for all eee in Experiments I and II, is, there- 
fore, of experimental interest. In this regard, the main spirit of 
Experiment III was an attempt to determine why there should have been 
any psychometric displacement in the two experiments reported by Stern- 
berg, et al. (1971) and in Experiments I and II of the present study, 
and especially why the horizontal shifts of the points of subjective 
simultaneity should have occurred in the direction predicted by the 


doctrine of prior entry. 


. ¥, shai FY, 
rt, f oe. Yor Z : 
\ n f 7 A * ‘ 4 : 
SR eae fing ap. pel fa3 esa seri foie As cain 


| ninea 
ee atl Stone: ake aa 
Dash Ty, Gl! Pe dh cg aed cog aaa ib 


ae 


\ i i} ih ae 


3 wae 3 es byes rh inrey reve thay oh). a ‘ Ni 
es Tosi ayes fh te 257898 ait 


‘Weaeblenon ane ah vung aly vnseabuete 


feuds 544 nen te oa Pesta nh pens shen 


“wer giinsielty oi “as seeps aiowg tee. on 


sarge yee i hi tee Srabaetite v wet 201) 


~ 


ns 9s ai name DE as, ik Sot wis + rd Levey | 


LA 7 ON 
a iN ' ie 
eatets ah... 10 ‘Dive i eb rage ab ecian 4 co 


te iehes ‘ibis ada! as il bat th 


need aes vos onsit, Nia 
Pay. , \ 
Maca) adi bao 2 eld } a creas Tage, it saith 


qBita PHD rm oa to “ft so, a 


‘as vd busts, oasoaath a “a ia ated two de va hemetontte an 


{ 


| ve le MxINe solug bal Recrui) i 


81 


LaBerge (1973) has shown that perceptual processing of two signals 
may occur simultaneously if such processing is part of the task demands. How- 
ever, as Treisman (1960) has suggested, the unattended signal ina 
dual stimulus presentation is often attenuated to pe ee fecteen atten- 
tion. Norman (1968) would say that in such a task the "attended" signal 
has a higher pertinence weighting and hence enjoys the benefit of more 
favorable processing. By using the concurrent reaction time-temporal 
order judgment paradigm developed by Sternberg, et al. (1971), it has 
been demonstrated that the perception of the order of stimulus events 
may be manipulated. The prior entry explanation for the demonstrated 
PSS displacement is that the speed of the detection process in the 
attended channel is enhanced; the unattended signal failing to enjoy 
such enhancement. This point of view suggests that there may be an 
afferent neural inhibition of the unattended signal as suggested by 
Hernandez-Peon and co-workers (1956) or a type of filtering process 
that allows for the immediate processing of relevant input (Broadbent, 
1958). Both the Hernandez-Peon, et al. hypothesis and Broadbent's 
filter theory, however, have fallen into disrepute; the former because 
of a failure of replication and the latter due to its inability to 
explain certain data (Gray & Wedderburn, 1960; Treisman, 1960). 

Further evidence against the hypothesis that the role of selective 
attention is specific to pre-detection mechanisms has been provided by 
Sternberg, et al. (1971). These investigators found that, despite 
manipulating stimulus intensities, there was no observable effect on 
the prior entry phenomenon. If perceptual processes in the channels 
themselves were responsible for the effect, it would be expected that 


by increasing stimulus intensities the prior entry effect would be 
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reduced (see the Grice-John Criterion Model in Sternberg, vet al. (1971)). 
These results suggest that the locus of the prior entry effect is not 
organic to the channel itself but alternatively the role of attention 
appears to have an effect on a more central Ree e rencontre One way 
that this might occur is if processing subsequent to detection were 
more appropriated to the attended signal. It may be possible that 
detecting the appropriate signal for a speeded response requires more 
of the limited capacity processor (Moray, 1967; Kahneman, 1973) than 
rejecting the occurrence of any unattended signal. When consideration 
is given to the fact that, after the final warning signal, the subject 
is rather routinely rejecting irrelevant stimuli, both in a not totally 
controlled surround as well as within his own internal noise distribution 
(Green & Swets, 1966), this possibility gains strength. As such, the 
subjective awareness of temporal order may be affected by the fact 

that the processing subsequent to signal detection is not equal for the 
attended and unattended channels. In this regard, the channel requir- 
ing more processing capacity is "highlighted" in perception and is per- 
‘ceived as occurring first. Figure 16 illustrates this unequal pro- 
cessing model and how an unbalanced processing task may affect the 

TOJ decision. This model does not complement the prior entry doctrine. 
It suggests that the detection of signals occurs in parallel con- 
strained, of course, by channel-specific neural latencies. The fact 
that an attended signal is more often perceived as occurring first is 
due to unequal processing in ane attended channel which has an effect 
on the decision mechanism. The actual arrival times of the two signals 
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Figure 16. The effect of unequal channel processing 
and temporal order judgment performance 


assumed mediator in the phenomenon is the relative amount of processing 
subsequent to detection appropriated to the two signals. 

The model illustrated in Figure 16 indicates a greater infor- 
mation load in Channel X. The onset of stimulus X not only carries its 
order information but also the response initiation information asso- 
clated with the concurrent reaction time task. In this example, 
then, the fact that a greater pertinence weighting (Norman, 1968) in 
Channel X requires central processing while subsequent to detection no 
processing occurs in Channel Y, is the theoretical explanation for the 
characteristic prior entry effect. 

To test such an hypothesis it was necessary to design a task 
that would require more equal post-detection information processing 
in the two channels. In this way the simple detection of the occurrence 


of sensory information in the two ch-nnels would no longer be adequate 
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to optimize the task demands; therefore, the response-initiation informa- 
tion in the attended channel would be relatively more equalized, and 
theoretically any prior entry trend would be reduced or completely 
diminished. 

The experimental task designed to test the unequal processing 
hypothesis was similar to the auditory-visual concurrent reaction time 
and temporal order judgment paradigm employed in Experiments I and II. 
The only difference in the task employed in Experiment III was the 
increased information load carried by both signals. 

Immediately after responding to the primary signal, subjects 
were required not only to indicate the order of the signals but also 
were required to identify the nature of one of the Sede ket (ie, high 
or low frequency tone in the auditory channel or amber or red light 
in the visual channel). In this task, then, the subject was required 
to process both signals equally because of uncertainty from trial to 
trial as to which stimulus information would be required. It was 
predicted that if processing subsequent to detection was responsible 
for the prior entry trend observed in previous studies, by requiring 
subjects to more equally process the attended and unattended signals, 
the effect would either be attenuated or completely disappear. Figure 17 
illustrates the theoretical effect of a more equalized channel pro- 
cessing task on TOJ performance. In this model the effect of parallel 
processing of both attended and unattended signals is shown to equally 
affect the TOJ center. Any bias associated with unequal processing 


in the channels is theoretically minimized. 
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Figure 17. The effect of relatively equal channel 
processing and temporal order judgment 
performance 


Experiment III was designed to test the hypothesis that the 
prior entry effect evidenced in previous studies was a function of an 
unequal informational load associated with the attended and unattended 
channels. The operational hypothesis to be tested in this experiment 
was that as long as processing subsequent to. signal detection remained 
relatively equal in both the eden and unattended channels, there 


would be little or no prior entry effect evidenced. 


Dependent Variables 


In addition to an analysis of TOJ ability, the performance of 
subjects in the post-reaction task of indicating the nature of either 
of the signals was also of experimental interest. The ability of 
subjects to accurately give information about either the primary or 


auxiliary signals was a measure of the equalization of post-detection 
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processing in the two channels. In addition, similar to the previous 
two experiments, reaction time performance in the TOJRT condition was 


required to be in correspondence with associated CMPRT performance. 


Preliminary Procedures 

Simple reaction time data was collected to determine individual 
reaction time differences between the two sensory modalities and to pro- 
vide familiarization with the apparatus. Due to the fact that the visual 
Signal in the CMPRT and TOJRT conditions would randomly be either a red 
or an amber stimulus, simple reaction time data were collected for both 
conditions. Similarly reaction time performance was obtained for both 


the high and low frequency tones employed. 


Experimental Design 


Similar to Experiments I and II a mixed factor repeated measure 


design was employed to test for an attentional effect on TOJ ability. 


Task 

The experimental task required subjects to make a fast reaction 
to the primary signal as in Experiments I and II. Immediately after the 
response, the subject was verbally cued by the experimenter as to the 
modality in which he was to provide information. The subject's response 
to the cued modality was verbal. Reaction time feedback, but no TOJ 
or signal identification feedback, was provided. The experimenter 
cured either the visual or auditory modalities in random order. As in 
all other TOJRT conditions, a random half of all trials were catch trials 


to ensure selectivity of response to the primary signal. 
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Apparatus 

In order to accommodate the presentation of two distinct signals 
within each sensory modality, the apparatus was necessarily modified. 
The Leecraft snaplight from Experiment II was replaced by a Sigma 
Instruments model 8L3-115 photo cell light source housing, with an 8 mm 
aperture. Under this aperture a diffusion lens was fixed to diminish 
any possibility of obtaining spatial information from the signal lights 
inside the housing. Within the light source housing, red, amber, and 
white Dialco, series 39, 6.3 volt indicator lights were situated so 
as to provide maximum illuminance through the aperture in the filter. 
A Hewlett-Packard 467A power amplifier supplied 10 volts of DC current 
to power the lights. Supplying current above the rated voltage of the 
neon lights provided clear visual stimuli with optimal signal detecta- 
bility. The auditory stimuli were provided by means of an Eico 
Electronic Instruments model 377 audio generator. Either 750 Hz or 
1500 Hz sinusoidal waves were used. The warning signals and the audi- 
tory cue, when appropriate, were white noise signals as in Experiments 
I and II. The white indicator light served as the warning signal and 
appropriate cue stimulus in the visual modality. Subjects’ TOJ and 
signal identification responses were made verbally over a microphone- 


speaker circuit monitored by the experimenter. 


Subjects 


Six unpaid volunteer graduate students in physical education 
at the University of Alberta served as subjects. All were right-handed, 
had no a priori knowledge of the law of prior entry and had no previous 


experience in psycho-motor research. 
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Procedure 

Except for changes discussed below, all procedures were identical 
to those employed in Experiments I and II, 

Simple reaction time data were obtained for both stimuli within 
each sense modality. In these trials the usual preliminary warning and 
cue signals of white light and random noise were followed by either a 
red or amber light in the visual modality or a low or high tone in the 
auditory modality. Blocks of twenty trials with feedback for each of the 
four conditions were administered. 

In the CMPRT condition, the light-tone combinations were semi- 
randomly presented in blocks of 20 trials. Sixty total CMPRT trials 
with feedback were given per modality in order to obtain 30 reaction 
time trials of each of the primary signals in combination with either of 
the auxiliary stimuli. In a similar manner, a semi-random presentation 
of the four light-tone combinations were given for the 60 TOJNO trials 
after the four 20-msec staircases were initiated. In the TOJAUD and 
TOJVIS conditions the same randomization schema was employed. 

The procedure for a typical TOJAUD or TOJVIS trial was as 
Pot iowe: After the usual preliminary warning signal, appropriate pri- 
mary stimulus cue, and final bi-modal warning signal, there was a 
variable delay. After this delay one of the light-tone combinations 
occurred (either low tone, red light; low tone, amber light; high tone, 
red light; or high tone, amber light). The ISI between the onsets of 
the two signals was determined by the status of the staircase employed 
on that particular trial. When the experimenter observed the digital 


readout on the reaction time clock (indicating the completion of the 
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reaction time response) he verbally indicated the modality randomly 
selected for that trial. Immediately thereafter the subject verbally 
reported the identity of the queried signal and its order. For instance, 
if the experimenter required information cance mnie the auditory signal, 
he would verbally indicate "Tone." A typical response by the subject 
might be "Low, first" or "High, last." If the experimenter were to 
query the subject as to the nature of the visual signal he would indi- 
cate "Light,'' to which a typical response might be "Amber, second" 

Gre Red.w first." ‘The order in which subjects reported the information 
was not controlled. Approximately every 20 trials, subjects were asked 
to identify single tone signals in order to verify that the high and low 
frequency stimuli were still perceived as subjectively different. This 
procedure also provided a short rest interval during the TOJAUD and 


LOJVIS conditions. 


RESULTS 


Mean simple reaction time and standard deviations for both 
stimuli in each sense modality are given in Table X. Asymptotic per- 
formance in the simple reaction time task was assumed given that all 
within-modality mean scores were within one standard deviation. Table 
XI lists the mean CMPRT and TOJRT values and their associated standard 
deviations. With the exception of Subjects 3 and 4 in the TOJVIS con- 
dition, both of whom evidenced a slight (4 msec) increase, TOJRT per- 
formance was equal to or faster than associated CMPRT conditions, 
satisfying the optimal attention assumption of the concurrent TOJ- 


reaction time task. 
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Table X. Mean simple reaction time and 
standard deviations 


Auditory Visual 
Subject 750 Hz 1500 Hz Amber Red 
1 X 214 192 258 274 
O OS 27a Aimed h yy) 
2 x put) 192 265 266 
Go 26.1 26.3 56.9 a5 el 
3 x 213 219 304 311 
G 30.6 28.4 Soe 43.6 
4 X 233 238 312 310 
oO 26.4 24.0 ah! B70 
5 x 203 209 281 284 
O 3225 30.2 ia 27.9 
6 ¥ 224 199 283 286 
G 24.1 29.0 12 x6 YDS 


To determine subjects’ ability to give accurate stimulus infor- 
mation and hence meet the requirement of equal post-detection processing 
in both sensory modalities, all erroneous responses were tabulated. 
Table XII lists the number of errors per condition by subject. There 
were nine total errors for all subjects giving a 1.25% average error 


rate over all conditions. Subjects l, 4, and 6 provided errorless data, 
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Table XI. Mean complex and temporal order 
judgment reaction time 


SS SS SS ee pe Se ee ee ee es es Le 


Auditory Visual 
Subject CMPRT TOJRT CMPRT TOJRT 
1 x 200 187 Zoz 270 
0 a7 PAs IRs 20.6 29.2 
Z x 201 196 265 238 
oO 24.5 397 47.9 a1. 3 
5 x 199 197 301 305 
0 19eS 44.3 40.8 B42 
4 oe 249 247 SLY 316 
(o} 25.6 B2et 30.2 267.8 
S x 23% 213 298 267 
0 3085 2182 So 41.4 
6 x 240 253 310 289 
oO 56.3 Nee 59.4 41.3 


and only Subject 2 made more than one errorful response in any one 
condition. Interestingly, seven of the nine errors occurred in the 
direction predicted were equal modality processing not evident; namely, 
three of five visual errors in the TOJAUD condition and four of four 
auditory errors in the TOJVIS condition. However, given the very small 


number of stimulus information errors, it was assumed that equal 
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Z 0 T 0 0 0 T 0 0 é T 0 T 0 0 T Z 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 
T 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ¢ 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 i] 
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post-detection processing was optimally undertaken within each sensory 
modality. 

Using standard probit analyses, points of subjective simul- 
taneity were computed for each subject. Table XIII gives the PSS scores 
for each attentional condition as well as the individual and mean prior 
entry effects. Contrary to the prediction postulated by an equal post- 
detection processing model, a massive mean prior entry effect of 116 msec 
surfaced. Similar to Experiments I and II, one subject also provided 


data which showed a reversal tendency. Figure 18 graphically illustrates 


Table XIII. Points of subjective simultaneity for 
TOJAUD and TOJVIS conditions (msec) 


Prom Entry, 

Subject TOJNO TOJAUD TOJVIS Effect 

] —89 -190 -4 186 

2 -36 -116 +48 164 

5 -136 -162 +4] 203 

4 -56 -106 -116 10* 

5 £48 -43 27 16 

6 -112 -140 0 140 


x -74 -126 -10 116 
enere cee Bee Fol pest ver a hunt .ens) Syne ee ee WT eee 


Mean prior entry effect: 116 msec 
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REVERSAL 
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MEAN PRIOR ENTRY EFFECT: 116 msec 
95% CONFIDENCE INTERVAL: + 95.2 msec 


Figure 18. Individual and mean prior entry effects 


the inter-subject PSS variance and the 95% confidence interval about the 
mean point of subjective simultaneity. Unlike Experiments I and II, the 
prior entry effect was sufficiently large enough to preclude the lower 
confidence interval boundary crossing into the reversal effect segment 
of the figure. Figures 19 through 21 provide individual psychometric 
functions for each subject per attentional condition. 

A repeated measure ANOVA was computed to test for differences 
of PSS data between the TOJAUD and TOJVIS conditions. Contrary to the 
results of Experiments I and II, there was a significant difference 
between the points of subjective simultaneity of the different atten- 


tional conditions (Foy Ne 9865): p s.05).2 A sien ficene prior entry 
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Figure 19. Psychometric functions for TOJAUD and 
TOJVIS conditicns (Subjects 1 and 2) 
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Figure 20. Psychometric functions for TOJAUD and 
TOJVIS conditions (Subjects 3 and 4) 
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Psychometric functions for TOJAUD and 
TOJVIS conditions (Subjects 5 and 6) 


Figure 21. 
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effect had been realized. 


Two conditions had been necessary to meet the requirements of 
biased attention and equal post-detection processing. First, TOJRT 
performance was required to be equal to or faster on the correspond- 
ing CMPRT condition. This satisfied the requirement that attention 
was optimally selective to the primary signal. Second, stimulus infor- 
mation errors were required to be minimal regardless of the locus of 
attention. This requirement insured that the subject necessarily pro- 
cessed both signals equally. Both of these conditions were met in 
Experiment III, yet the prediction of a minimal or even non-existent 
prior entry effect, as suggested by the equalized channel processing 
model (see Figure 17) was not realized. In fact, contrary to expecta- 
tion, the prior entry effect attained statistical significance. This 
finding seriously undermined the hypothesis that unequal signal pro- 
cessing was responsible for the prior entry effects previously reported. 
Coupled with the ee that the effect has been tentatively shown not due to 
pre-detection processes in the sensory channels (Sternberg, et al., 
1971), it was tentatively hypothesized that the locus of the perceptual 


bias might be associated with processes subserving response execution. 
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CHAPTER IV 


DISCUSSION 


The law of prior entry was described by Titchener (1908) as 
follows: 

The stimulus for which we are predisposed requires less 

time than a like stimulus, for which we are unprepared, to 
produce its full conscious effect. Or, in popular terms, the 
object of attention comes to consciousness more quickly than 
the objects that we are not attending to (p. 251). 

Experiments I and II provided data that revealed a prior entry 
trend in TOJ perception, although statistically the results were 
insignificant. It was concluded, however, that the mean perceptual 
shift of 30 msec was of experimental interest in that in any high- 
speed perceptual motor task involving decisions concerning the 
relative occurrence of heteromodal stimuli, a stimulus-specific differ- 
entiation in perceptual processing leads to a characteristic decisional 
bias in the direction of the differentially treated stimulus. Such a 
decisional bias was viewed as not only of theoretical but practical 
importance. The main thrust of the final experiment was to hacete 
gate the actual locus of the prior entry phenomenon in the left-to- 
right model of the human operator illustrated in Figure 3. Results by 
Sternberg, et al. (1971) provided evidence against the hypothesis that 
the effect was due to mechanisms on the signal detection side of the 
model. Experiment III was designed to test the hypothesis that the 
cause of the prior entry trend in the data was due to the more central 


or processing aspect of the human operator. Specifically, it was 
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assumed that the effect was due to unequal post-detection processing of 
the two signals. When task demands required a more equal processing 
of the stimuli, however, instead of the effect being attenuated, it was 


augmented. Two post hoc explanations for this result are offered. 


Unequal Channel Processing Bias 


It may be possible that the processing demands of the two signals 
were not, in fact, equated. Figure 16 depicts the effect of unequal 
channel processing on TOJ performance. In this model, the unequal 
post-detection processing in Channel X is due to the fact that one 
signal not only conveys its onset information, but also the directive 
for response execution. This response-directive bias was hypothesized 
as requiring more of the central processing capacity of the operator 
(Moray, 1967; Kahneman, 1973) and hence allowed the attended signal 
more favorable processing. It was hypothesized that this additional 
processing was responsible for a biasing effect on the subjective judg- 
ment of signal onset order. Figure 17 shows the counter~balanced 
processing model in which the two signals in the TOJ task are afforded 
theoretical processing equality. It was the assumption in this model 
that, when information about both signals was required, the processing 
necessary to subserve the identification task would optimally counter- 
balance the hypothesized response-directive effect. It was assumed 
that in such a high-speed task, the additional problem of identifying 
either of the signals would likely require so much processing capacity 
that there would be no remaining "space" (Keele, 1973) in which the 


response-directive effect could operate; or so little space that the 
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effect would be minimized, thus attenuating or completely negating the 
concomitant prior entry phenomenon. It is quite possible, however, that 
the stimulus identification task was not sufficiently demanding of the 
limited capacity system to completely minimize the erence of the response- 
directive processing of the attended stimulus. If this were true, it 
would be expected that the prior entry trend would not only be evident, 
but that it would be larger than that evidenced in Experiments I and II 
due to a general reduction in TOJ ability caused by the increase 

in total processing due to the additional stimulus acne ti cation task. 
This post hoc explanation for the large prior entry effect in Experiment 
III is attractive in that there were so few errors in the stimulus iden- 
tification task, suggesting that the task demands may not have taxed 

the central processor to the extent of minimizing or completely negating 
the hypothesized response-directive effect. Figure 22 depicts the 
possible effect on TOJ performance when unequal channel-specific pro- 
cessing is embedded in a task requiring an overall increase in central 
processing. In this model, despite the fact that the decision center 
received equal influence from each channel. in the processing of stimulus 
information, the ey enee ai ce tes preee sine effect is viewed as the 
determining source of the perceptual bias leading to the prior entry 
effect. Underlying this model, and the related hypothesis explaining 
the prior entry effect, is the notion that the greater the central pro- 
cessing demands of the task, the greater will be the prior entry effect 
given any unequal channel-specific processing. The temporal order 
judgment center is viewed as a mechanism highly sensitive to any unequal 


biasing by nature of the task demands. 
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Figure 22. The effect of unequal channel processing 
and temporal order judgment performance 
in a task requiring an overall increase 
in central processing 


Response Execution Bias 


There remains an alternative, post hoc explanation for the prior 


entry phenomenon. It is a ae ee the actual response execution to 
a specific signal may be the cause of the perceptual bias subserving 
the prior entry effect. Figure 23 depicts an hypothesized response 
execution influence upon temporal order judgment performance. Unlike 
the previous model describing the locus of the prior entry effect, 

this model is not dependent upon an unequal channel-specific processing 
assumption. In this view of the sequencing of signal processing, the 
TOJ center is equally affected by detection and subsequent stimulus 
information inputs from both channels. The cause of the characteristic 
perceptual bias is due to the actual overt response to one of the 


signals. Within the theoretical parameters of this model, then, the 
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RESPONSE 
EXECUTION 


Figure 23. The effect of response execution and 
temporal order judgment performance 
prior apehies effect is due not to unequal signal processing as originally 
hypothesized in Experiment III, but to unequal response execution. 

In dealing with the concept of focalization or selective atten- 
tion in his provocative book on the evolutionary foundations of 
psychology, Goodson (1973) has suggested that if material competing 
for attention is sufficiently pervasive, another input that might be 
brought into focus under other circumstances will not be perceived 
‘and will consequently not be encoded. According to Goodson "when other 
factors are constant, the greater the tendency for a partial presentation 
Eorresult in focusing on a fused encode, the more likely if is that the 
partial presentation will be apperceived as the total item (p. 130)s 
Goodson's thesis is that any particular component of sensation or memory 


that is in focus at any given moment is always the one that has provided 
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the most enduring and relevant survival information in the total history 
of the organism (both as species and as individual). Viewing the 

human operator in this context, it is suggested that an actual overt 
response may be the dominant input affecting the perception of temporal 
order. Certainly it may be argued that the responses that an organism 
elicits as a function of environmental demands are of utmost "survival" 
interest to the longevity of the organism. If the sensory input result- 
ing from the consequences of an overt response are, indeed, pervasive, 
it is possible that such Tete he fe the perception of closely 
preceding temporal events. When it is remembered that the staircase 
procedure provided ISIs that were predominantly centered around the 
subject's point of subjective simultaneity, thus providing signal onsets 
in the region of maximal temporal order uncertainty, the implication of 
an effect of the sensory consequences of a response to one of the 
Stimuli is strengthened. The fact that feedback was provided to only 
one component of the experimental task, namely reaction time per- 
formance, further adds to the implication of a response execution 

bias in perception. Subjects were instructed to provide the fastest 
reaction time data possible throughout all experimental conditions 

and were led to believe that the variable of major concern was the 
ability to maintain optimum reaction time performance. In this regard, 
it may be assumed that the subjects' greatest concern in the experimental 
task was to provide optimal response integrity. This assumption is 

not unwarranted in view of the fact that reaction time performance 
remained fast and stable throughout all experimental conditions. In 


the context of the evolution-based theory proposed by Goodson, it may 
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be stated that the locus of any homeostatic disequilibrium of the oper- 
ator when faced with the concurrent temporal order judgment-reaction 
time task was probably associated with the requirement to react opti- 
mally. Goodson suggests that "The more ambiguous the sensory input, 

the more likely such components are to be apperceived in relation to 
the existing disequilibrium state (p. 132)." This corollary of focali- 
zation is based not only upon anecdotal evidence (ie, a hungry indi- 
vidual perceiving ambiguous objects as food, and one sexually deprived 
tending to perceive sexual a in the same situation), but also upon 
experimental evidence such as investigations by Ansbacher (1973), 
Stephens (1931, 1936) and Bruner and Goodman (1947) that have reported 
a biasing effect of disequilibrium or organismic need on the perception 
of size and numerosity. If it is assumed that the complicating sensory 
input nated closely successive stimuli is somewhat ambiguous in nature, 
at least at ISIs in close proximity to the subject's point of subjective 
simultaneity, it is reasonable t sssume that the perception of the 
temporal order of such events may be biased by the component of the 
task that is most compatible with the subject's disequilibrium reduc- 
tion, namely the response to the primary signal. 

Werner and Wapner (1952), in discussing their sensory-tonic 
field theory of perception, allude to the same point. These investi- 
gators provide data suggesting that perception is organismic in nature; 
that the organism's states are part and parcel of perception and that 
any stimulus object always arouses sensory-tonic events (ie, events 
which involve the total state of the organism at the moment of stimu- 


lation). In this regard, the fact that the reaction to a primary 
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stimulus was the only differentiation between the subjective treatment 
of the two closely successive signals in the order judgment-reaction 
time task, the response execution bias hypothesis as a post hoc explana- 
tion for the prior entry effect appears warranted. 

Along this same line of reasoning, Ashby (1962) has suggested 
that the amount of selective action that the brain can achieve is 
absolutely bounded by its capacity as a channel. In explaining the 
implications of what he terms the law of requisite variety (Ashby, 
1968), he indicates that the outcome of any interaction of an individual 
and his environment is related to the specific response of a set of 
responses that the individual makes in any given situation. To Ashby 
the variety in an organism's response repertoire is the crucial variable 
in dealing with the variety of possible outcomes that could in fact 
occur as a result of specific environmental conditions. Ashby's 
concept of response and stimulus variety was delivered in the context 
of general systems theory, thermodynamics, and biological equilibrium 
and, as such, may be extended to a discussion of the perceptual per- 
formance of the human operator. The law of requisite variety maintains 
that "only variety can destroy variety (p. 135)." In effect a major 
tenet of the law is that any outcome involving a biological system is 
dependent upon the responses that the system is willing to make. The 
more extensive the response alternatives an organism has available, 
the greater the probability of matching the variety of an environmental 
situation. In short, the outcome of any environmental-response inter- 
action is influenced by the action that the operator chooses from his 


response variety. In the concurrent temporal order judgment-reaction 
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time paradigm, the primary task requires one of two possible responses: 
react to the primary stimulus on reaction trials or inhibit a response 
to the auxiliary signal on catch trials. In the latter case, the out- 
come of the temporal order judgment is unity by default; however, in 
the reaction trials, the perception of temporal order is less than 
perfect in relation to the objective state of the sensory conditions. 
Judgments in this condition have been over-represented by subjective 
indications favoring the signal to which a response was initiated. 

In the terms of Ashby's requisite variety, the perceptual outcome 
appears to be a function of the response that the organism is willing 
to make. 

When viewing the perceptual phenomenon under consideration in 
light of the models of Goodson (1973), Werner and Wapner (1952) and 
Ashby (1962, 1968), it appears that a response execution bias hypo- 
thesis as a post hoc explanation for the prior entry effect may be 
justifiable. 

Of interest,however, is the fact that the prior entry phenomenon 
was evident in the earlier studies (von Tchisch, 1885; Angell & Pierce, 
1891; Stevens, 1904; and Stone, 1926) in which a concurrent reaction 
time task was not required. If the response initiation information 
carried by the primary signal or the actual overt response to the 
primary signal is theorized as the cause for the prior entry,effect, 
how is the phenomenon to be explained within the context of these "non- 
reaction" studies? A possible explanation is offered by Frey & Wilberg 
(1975) who suggested that the locus of the prior entry effect in the 


e ! : e 
earlier studies may have been due to the subjects’ a priori knowledge 
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concerning the prior entry law. An alternative point of view has been 
discussed, Geiger (1902) and Dunlap (1920) have both Suggested that 

the prior entry phenomenon was due to artifacts associated with the 
earlier complication clock. As appealing as the ei denee provided 

by these investigators appears to be, however, the apparatus artifact 
hypothesis does not account for data resulting from the discrete bi-modal 
presentations used in the Stone (1926) study. In this, the strongest 
support for Titchener's law prior to the Sternberg, et al. (1971) inves- 
tigation, there was a mean prior entry effect of approximately 50 msec; 
yet, no reactions were required. Despite the fact that discrete 

stimuli presentations undermine the Dunlap (1920) and Geiger (1902) 
hypotheses, there remains the possibility that the a priori knowledge 

of subjects in the Stone (1926) study may have contaminated the results 
of that investigation. Similarly, confounding variables cloud the 

issue of perceptual bias in the Sternberg, et al. (1971) experimentation. 
In that study, the first to give support to both the proposed response 
directive and the response execution hypotheses, there was also the pos- 
sibility that a priori familiarity of the subjects concerning the law 

of prior entry, may have been responsible for the characteristic prior 
entry effect evidenced. The methodology employed in Experiment III 
avoided the potential artifacts described by Geiger (1902) and Dunlap 
(1920) as well as the confounding a priori variable described by Frey 


& Wilberg (1975). 


These possible explanations for the significant effect evidenced 
in Experiment III may be rejected. Sternberg, et al. (1971) have provided 
evidence that perceptual processes in the channels themselves should not 


be implicated in the prior entry effect; and an analysis of the stimulus 


inhoe- id etsioehh ods vet > sade Hoes 


ra 


oR a ai ih hess ie 2 a 4 a tig: » 


sort bahosemee aoe ava 


ach oe Be etoile anon baa 


TORI Iee, audergguh! ‘eek eonemiiidh ae ime slings 
Cr van} 1 
sue 


‘a Amvwase, 496» 


Savunotie sd? pabais nt 


pone OE yeaa! val to tied ws va me rs ae 
sat Bes aih 7 at vive? ah ans nee sbextapes 4 / 

canny y) Ao tD bere sail ye again iat sin wo 

pEro worl haekwg: ea: aeith ‘ak taboae sie ‘eoheaay # 
aiificear oda baidenime:gsd ovinth wea, thn ison: east ve 


at | ica So DAK i yy ae eet tint, ‘ty nis ‘ta Lib 


Py take hab ha a sgn | CEC Oty Agel id aan yo ak te i tug aay | 


HOt $49 oad Jeuw oad tig escoult ouigt a isiarey yenaeas me fash 
was, wat gi Wiesbactic e3; neat dine ait? te cftedittiae’, . phe Atm ee 
foley, whwaAs ra saath ' il at barat wna ovvadd ‘om ee ’ 
INL, 3 Sctomid: ToL yee baal reahegeis % rgntotoditom oat sbacirabive 9 Ps) *) 


iy ie 
sateen tn (RNRK) TR. 09 vo Set saean enters cearaicui a 


Komk ut Hettr yam) ‘elidatann Sag es . 
| Be oe “seg aman | 7 


BeeeEbive: to. )%a tena atlharg ka ods aa aise pt stone sanrtt, a P iy 


DEAD ROY bepogayy pe hod op Progehe eee, pe meet eas bay 


= 


Oeeekvotq eved (109M. foge egtatonebi® sBrsouter wu cpa mr some get iat 


anno Bivede suv yam J lame gtty we buns atied emai - ae 


BOLUS ols to eheclape- ap id ¢ Peet ta" eee meting ons at 


. | en ity r 


109 


identification performance of subjects in Experiment III indicated that 
unequal signal processing was likewise an untenable explanation for the 
temporal order judgment performance evidenced. Clearly, the remaining 
alternative as an explanation for the prior entry effect appears to be 
associated with the response component of the TOJ-reaction time task. 
Future experimentation in the area of temporal order percep- 
tion must focus upon the interaction of total processing demands, pre- 
reaction stimulus cueing effects, and response execution biasing. Of 
primary importance is an understanding of the interaction of total 
processing demand and the experimental task employed. It may become 
evident that the prior entry effect is a monotonic function of total 
processing demand regardless of the perceptual or response loaded 
nature of the task. Likewise it may be shown that the phenomenon 
is positively correlated with subjective expectation of specific 
ISI combinations, actual speed of response, or even sequential depen- 
dency of preceding trial performances. Experimentation along these lines 


is presently underway. 


Conclusion 

The prior entry effect has been substantiated as a valid per- 
ceptual phenomenon. In this regard the initial eter eee of this 
study, that the "law'' of prior entry was a questionable doctrine and 
that temporal order perception would not be affected by the locus of 


attention, was rejected. The most conclusive statement that can be 


made concerning the prior entry phenomenon as a result of the present 


series of experiments is that the effect seems to be enhanced by an 
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increase in the total processing demands of the task employed. At this 
time an unequivocal interpretation of the exact locus of the process 
subserving the phencmenon can only be suggested. Further investigations 
must be addressed to the delicate unconfounding of the response direc- 
tive and actual response execution bias hypotheses proposed above. Also 
of interest is the effect of primary stimulus cueing under variable 
conditions of total task processing when no actual overt responses 

are required. Of extreme importance in future studies of the prior 
entry phenomenon is the employment of methodological metrics sensitive 
to the variables of attention and consciousness. It may become evident 
that reaction time as a measure of attention and order judgment as a 
measure of consciousness are not the most robust indices of these crucial 
variables. 

Lawther (1977) in discussing competitive athletics has suggested 
that "sport strategy usually aims at creating inaccurate perceptions, 
temporary illusions, wrong decisions as to action, and often involves 
the attempt to perform the unexpected (p. 76).'' Hebb (1961) described 
the nature of learning in the adult as not a process of learning to make 
specific movements, ". . . but learning a relationship, an association, 
between perceived environmental events. This makes adult learning pri- 
marily perceptual. . . (p. 156).'' Understanding precisely what affects 
this perceptual fidelity will undoubtedly enhance an understanding of 
the perceptual-cognitive-volitional interface in human skill acquisi- 
tion and performance. In this regard, and especially in view of the 
response-implicated models suggested by Goodson (1973) and Ashby (1962, 


1968), future experimentation must be focused on the hypothesis that 
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the prior entry doctrine may be a special instance of a more general 
perceptual-response law that implicates a broad interaction of overt 
behavior (or the intention of such) and subjective perception. Under- 
standing the relationship between the operator's response variety, the 
probability distribution of discrete motor responses, and the subjective 
interpretation of sensory events is viewed as the most important next 
step toward a total understanding of the human performer. If it can be 
shown that perception is mediated by the responses that the operator 
evokes in a given environmental situation, the role of the physical 
educator, athletic coach and behavioral scientist will be more clearly 


delineated in the quest for optimal psycho-motor expression. 
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APPENDIX 1 


ANALYSIS OF VARIANCE FOR A REPEATED MEASURE 


DESIGN WITH TWO TREATMENTS 


Edwards (1972) has shown that when only two treatments are of 


experimental interest in a repeated measure design the t test is appro- 


priate for testing for a treatment effect. 


where 


in this case: 


difference between treatment 1 and treatment 2 for 


= difference between treatment 1] and treatment 2 for 


Sp = 
and 
Di = 
block (subject) 1 
D54= 
block (subject) 2, etc., and 
b = number of blocks (subjects). 


Wecoedinsauo Edosrde (19728 Fe 


F should be tested using a reduced number of degrees of freedom. 


Geisser & Greenhouse (1958) have shown, 


= hae MS/MS op and this value of 


As 


the most conservative number 


of degrees of freedom may be obtained by multiplying the reciprocal 


of the degrees of freedom for the repeated measure variable, or 
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t-l and (S-1) (t-1), where t = number of treatments and S = number of 
subjects. Due to common violations of assumptions of homogeneity of 
variance and equal correlations, this reduced degrees of freedom guards 
against a Type 1 error. As Edwards (1972) points out, however, when 
only two treatments are tested "the degrees of freedom for evaluating 


F remain unchanged for a ‘conservative’ test (p. 275)." 
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APPENDIX 2 


TAPE RECORDED INSTRUCTIONS FOR EXPERIMENTAL CONDITIONS 


Experiment I 


INTRODUCTION 


Thank you for participating in this study. Your cooperation is 
very much appreciated. 

The main thrust of this experiment deals with the Weeeney in 
responding to two distinct stimuli: an auditory signal delivered 
through headphones and a cutaneous signal, mild electric shock, 
delivered to the forearm. 

The first thing that we'll do today is introduce you to the appa- 
ratus, obtain threshold values for just being able to hear the auditory 
Signal and for being just able to feel the cutaneous stimulus, a cross- 
modality match which I will explain later, and finally some actual 
reaction times. After the threshold values and cross-modality match 
have been obtained and just prior to the reaction time task, more 


information and instructions will be given. 


Sie SR mei ke cn sgn 


Simple Reaction Time - Auditory 
The reaction time task requires you to perceive the onset of 
the appropriate signal and, as soon as possible, to pull the small lever 
before you on the table. Your fingers may rest softly against the lever 


but it should not be moved until the signal is actually perceived as this 
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will automatically abort that particular trial. In the first series of 
trials you will be reacting to the onset of the auditory signal. Prior 
to the onset of the noise signal, preliminary or warning stimuli will 
occur to prepare you for your response. The sequence of these prelimi- 
nary signals is as follows. First you will receive a half second of 
both the auditory and cutaneous signals together, then there will be 

a half-second of no stimulation. Next comes a half second of the 
auditory signal alone. This signal serves as a reminder that you are 
responding to the auditory stimulus. After this signal there will again 
be a half second of no stimulation, followed by a very short onset of 
both signals together. At this point there will be a variable delay 
and Poner ine during this short delay interval, the auditory signal 
will occur again. As soon as it does your response is required. To 
summarize then: both signals occur together for a half second, fol- 
lowed by a half second of nothing, followed by a half second of the 
auditory signal alone, this followed by another half second of nothing, 
followed by a very brief onset of both signals together. 

Then there is a variable delay and when the noise occurs again 
you are required to respond as quickly as possible by pulling the lever. 
When the lever is pulled it stops the signal and a clock that begins 
when the signal onset first occurs. This time will represent your 
reaction time for that trial and as soon as it is recorded and the 
variable delay changed another trial will occur. 

On a random half of all the trials no signal will occur and 
on these trials you, of course, will withhold your response. These 


trials are inserted to ensure that you are actually responding 
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selectively to the signal. 


There will be 5 practice trials to familiarize you with the pre- 
liminary signals and the mechanics of the reaction time lever. There 
will be a total of 80 reaction time trials with a short rest after 
the first 40. You will be given feedback on your performance in all 
subsequent sessions; however in this, the first session, no informa- 
tion will be given concerning your reaction time performance. You are 
requested to always rest your fingers against the lever the same way 
from trial to trial, to keep your finger movements as constant as 
eR And of course, you are requested to react as fast as you 
possibly can when the auditory signal is first perceived. Any time 
ey ou wish to interrupt the testing for any reason, remove your 
headset and tap on the window before you. If you wish to interrupt 
a particular trial once it has been initialed, simply pull the lever 


and this stops everything. Do you have any questions? 
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Simple Reaction Time - Cutaneous 

You have completed the auditory reaction time portion of the 
study and as you may have expected you are now required to react selec- 
tively to the cutaneous signal. As before there will be a series of 
preparatory signals before your reaction is required. In the next few 
trials these signals will be as follows: both auditory and cutaneous 
signals together, a pause, then the cutaneous alone, a pause, and then 
both signals together again briefly. After a variable delay, then, 


the cutaneous stimulus will occur and you are required to react as 
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quickly as possible when it does, If you have any questions, please 


ask them now. 


Complex Reaction Time Task 

In the next section of the study you will be required to react 
to one of the signals as you have in the past, however, in close tem- 
poral proximity another signal will also be presented. The other 
Signal, which will be called the auxiliary signal, is to be ignored 
and only the signal to be reacted to, called the primary signal, should 
receive your attention. The primary signal will remain constant for 
the entire session. For example, the primary signal may be the cuta- 
neous stimulus for a session. In this case you would receive the usual 
preliminary signals, that is, both together , then the primary stimulus 
alone, and then both together again. Then, after a variable delay, the 
cutaneous signal will occur again and your response is required. The 
difference in this task, however, is that either just before or just 
after the primary cutaneous signal, the auxiliary auditory stimulus 
will occur. This signal is to be ignored and reactions are only to 
be made to the primary or cutaneous signal. A random half of all 
trials will be catch trials. On these trials only the auxiliary signal 
will occur and reactions on these trials will be penalized by a point 
system. Due to the concentration required in this task there will only 
be 20 reaction trials presented. Maximum effort will be required to 
maintain optimal performance in this task. Reaction time feedback 


will be provided during these trials. If you have any questions please 


ask them now. 
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Temporal Order Judgment Task 

In the next section of the study you will not be required fo 
give a fast reaction to one of the signals. Instead, you are asked to 
passively observe the preliminary warning Ses mete then the onset 
of the two stimuli. After the two signals have been extinguished by 
the experimenter you are then required to indicate which of the two 
stimuli you perceived as occurring first. You will make your decision 
known by depressing the appropriate button before you, labeled "ARM" 
SerecAR.. mecence there is no primary or auxiliary signal in this 
condition of the study there will not be a cue stimulus given during 
the preliminary warning signals. In other words the progression of 
events will be as follows: both signals will occur for a half second, 
then there will be a blank period of one and a half seconds, followed 
by a brief onset of both signals together. Then there will be a variable 
delay after which the two signals will occur again at various inter- 
stimulus intervals. After they have been extinguished you are to 
indicate which stimulus occurred first. Two blocks of twenty trials 
will be administered with no feedback provided as to the accuracy of 
your judgments. Do you have any questions? 

(After the original 40 TOJNO trials were obtained, four inter- 
leaved staircases were begun and 60 final TOJNO trials were administered. 


Instructions in this final session were identical to the above. They 


were given verbally by the experimenter.) 
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Concurrent Temporal Order Judgment - 


Reaction Time Task 


Congratulations, you have survived this experiment to the final. 
section. In the last task you will be required to react selectively 


to the primary signal while ignoring the auxiliary stimulus. This 


is identical to the task that you have just completed. The only differ- 


énce jis ‘that after fon have made your reaction you will be asked to 
indicate which signal you think occurred first. In other words, the 
final task is a combination of the reaction time and judgment tasks 
which you have already completed. Obviously another dimension has 

been added to the reaction time task and it will require sustained con- 
centration if stable reaction performance is to be realized. Through- 
out these Peale iseacti on time feedback will be provided to inform you 
of your performance. No information will be given concerning the order 
judgments as this is merely a subsidiary task. You are, however, 
requested to make your judgments as accurate as possible and if you are 
unsure as to the order of the two signals to force a guess. Remember 
that a random half of all trials will be catch trials in which the 
auxiliary signal will occur alone. Don't get caught on these trials. 
The best way to ensure a good performance is to concentrate on the 
appropriate signal and only worry about one trial@artattimes thiyou 


have any questions please ask them now. 
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Experiment II 


INTRODUCTION 


Thank you for participating in this study: Your cooperation is 
very much appreciated. 

The main thrust of this experiment deals with the latency in 
responding to two distinct stimuli: an auditory signal delivered through 
headphones and a visual signal delivered via a small neon light. 

The first thing that we'll do today is introduce you to the 
apparatus, ask you to match the intensities of the light and sound 
for equal strength, and then obtain some actual reaction times. After 
we equalize the light and sound for subjective equality and before the 
actual reaction time task more information and instructions will be 


given. 


Simple Reaction Time - Auditory 
The instructions in this condition were identical to those in 
Experiment I with the exception that the word "visual" was substituted 


tt 
for the word "cutaneous. 


Simple Reaction Time - Visual 
The instructions in this condition were identical to the same 
condition in Experiment I with the same exception as explained in the 


paragraph above. 
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Complex Reaction Time Task 
The instructions in this condition were identical to the instruc- 
tions in the same condition in Experiment I with the same exception as 


noted in the two previous paragraphs. 


Temporal Order Judgment Task 
The instructions in this condition were identical to the instruc- 
tions in the same condition in Experiment I with the exception that the 


word "Arm" was replaced with the word "Eye." 


Concurrent Temporal Order Judgment - 
Reaction Time Task 
The instructions in this condition were identical to the instruc- 


tions in the same condition in Experiment I. 
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Experiment III 


INTRODUCTION 


Thank you for participating in this study. Your cooperation is 
very much appreciated. 

The main thrust of this experiment deals with the latency in 
responding to four distinct stimuli: a low and a high frequency tone 
delivered through headphones and a red and amber light delivered via 
a small visual apparatus. 

The first thing that we'll do today is introduce you to the 
apparatus, ask you to adjust the loudness of the tones so that they 
match the brightness of the lights, that is, so that neither the lights 
nor the tones “overpower"' each other, and finally obtain some actual 
reaction times. After the intensity adjustments have been made and 


prior to the reaction time task, more information and instructions will 


be given. 


Simple Reaction Time - Auditory 


The reaction time task requires you to perceive the onset of 


the appropriate signal and, as soon as possible, to pull the small lever 


before you on the table. Your fingers may rest softly against the 


lever, but it should not be moved until the signal is actually perceived 


as this will automatically abort that particular trial. In the first 
Berles ol trinis, you will be reacting to the onset of the low fre- 


quency tone. Prior to the onset of this signal, preliminary or warning 


stimuli will occur to prepare you for your response. The sequence of 


these preliminary signals is as follows: First you will receive a half 
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second of both an auditory and visual signal. These stimuli will be 
a medium frequency tone and a white light, respectively. After these 
signals are extinguished there will be a half second of no stimulation 
followed by a half second of the auditory signal alone. This single 
medium frequency stimulus is to remind you that you are to respond to 
an auditory signal on that particular trial. After this signal there 
will again be a half second of no stimulation, followed by a very short 
onset of both warning signals together. At this point there will be a 
variable delay and sometime during this delay interval, the low fre- 
quency auditory signal will occur. As soon as it does your response 
is required. To summarize then: both a neutral auditory and visual 
signal occur together for a half second, followed by a half second 
of nothing, pound by a half second of the auditory signal alone, 
this Collaued by another half second of nothing, followed by a 
very brief onset of both warning signals together. Then there is a var- 
iable delay and when the low frequency tone occurs you are required to 
respond as quickly as possibly by pulling the lever. When the lever 
is pulled it stops the signal and a clock that begins when the signal 
onset first occurs. This time will represent your reaction time 
for that trial and as soon as it is recorded and the variable delay 
changed another trial will occur. 

On a random half of all the trials no signal will occur and 
on these trials, of course, you will withhold your response. These 
trials are inserted to ensure that you are actually responding 
selectively to the signal. There will be 5 practice trials to 


familiarize you with the preliminary signals and the mechanics of the 
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reaction time apparatus. There will be a total of 40 reaction time 
trials with a short rest after the first 20. You will be given feed- 
back on your performance in all subsequent Sessions; however, in this, 
the first session, no information will be given concerning your reaction 
time performance. You are requested to always rest your fingers against 
the lever the same way from trial to trial, to keep your finger move- 
ments as constant as possible. And, of course, you are requested to 
react as fast as possible when the auditory signal is first perceived. 
Any time that you wish to interrupt the testing for any reason, 
remove your headset and tap on the window before you. Do you have 
any questions? 


Kin Kia Kil Keo Kia Re ee ee ae OK 


You have completed the low frequency aspect of the auditory 
reaction time task. Next you will perform the same task but, after 
the preliminary warning signals, you will be presented with the high 
frequency stimulus. Remember that half of all trials will be catch 
trials in which no signal occurs. Unless you have any questions we 


will now proceed with 40 high frequency trials. Any questions? 


Simple Reaction Time - Visual 
You have completed the auditory reaction time portion of the 
study and as you may have expected you are now required to react 
selectively to a visual signal. In the first series of trials you 
will be required to react to the amber stimulus. As before there will 
be a series of preparatory signals before your reaction is required. 


In the next few trials these signals will be as follows: both the 
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auditory and visual signals together, a pause, then the visual alone, 

a pause, and then both signals together again briefly. After a variable 
delay, then, the amber stimulus will occur and you are required to 

react as quickly as possible when it does. If you have any questions 


please ask them now. 


& KK kK KK KK KR 


You have completed the amber stimulus aspect of the visual 
reaction time task. Next you are required to perform the same task 
with the red visual stimulus. As before you will be presented the 
Same preliminary warning and cue signals and a random half of all trials 


will be catch trials. Do you have any questions? 


Complex Reaction Time Task 

In the next section of the study you will be required to react 
to one of the signals as you have in the past, however, in close temporal 
proximity, another signal will also be presented. The other signal, 
which we will call the auxiliary signal, is to be ignored and only the 
signal to be reacted to, the primary signal, should receive your 
attention. The primary signal will remain constant for an entire 
session. For example, the primary signal may be the visual stimulus 
for a session. In this case you would receive the usual preliminary 
signals, that is, both together, the neutral visual signal alone, and 
then both together again briefly. Then after a variable delay, one 


of the visual signals (ie, red or amber light) will occur and your 


response is required. The difference in this task, however, is that 
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either just before or just after the primary visual signal, one of the 
auxiliary auditory stimuli will occur. This Signal is to be ignored 
am reactions are only to be made to the primary Or visual signal. A 
random half of all trials will be catch trials. On these trials only 
the auxiliary modality will occur and reactions on these trials will be 
penalized by a point system. Due to the concentration required in this 


task there will only be 20 reaction trials presented. Maximum effort 


will be required to maintain optimal performance in this task. Reaction 


time feedback will be provided during these trials. If you have any 


questions please ask them now. 


Temporal Order Judgment Task 

In the next section of the study you will not be required to 
give a fast reaction to one of the signals. Instead, you are asked 
to passively observe the preliminary warning signals and then the 
onset of one of the visual and one of the auditory signals at different 
inter-stimulus intervals. After the two signals have been extinguished 
by the experimenter you are then required to indicate which of the two 
stimuli you perceived as occurring first. You will make your decision 
known by depressing the appropriate button before you, labeled "Eye" 
or "Ear." Because there is no primary or auxiliary signal in this 
condition of the study there will not be a cue stimulus given during 
the preliminary warning signals. In other words the progression of 
events will be as follows: both signals will occur for a half second, 


then there will be a blank period for one and a half seconds, followed 


by a brief onset of both signals together. Then there will be a variabie 
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delay after which the two signals will occur again at various inter- 
stimulus intervals. After they have been extinguished you are to indi- 
cate which stimulus occurred first. Two blocks of twenty trials will be 
administered with no feedback provided as to the accuracy of your 
judgments. Do you have any questions? 

(After the original 40 TOJNO trials were obtained, four, inter- 
leaved staircases were begun and 60 final TOJNO trials were administered. 
Instructions in this final session were identical to the above. They 


were given verbally by the experimenter.) 


Concurrent Temporal Order Judgment - Stimulus 


Identification ~ Reaction Time Task 


Congratulations, you have survived this experiment to the final 
section. In the last task you will be required to react selectively 
to the primary signal while ignoring the auxiliary stimulus. This is 
identical to the complex reaction time task that you have already 
completed. The difference in this task is that as soon as you have 
responded, the experimenter will verbally query you concerning one or 
the modalities. For example, you may have just reacted to a primary 
visual signal and the experimenter may say "Tone." You should then 
verbally respond whether it was a high or low frequency tone and whether 
it occurred first or second relative to the visual signal. Cour 
response might be something like this: “Low, first.) “As another 
example you may have just responded to the primary auditory signal 
and the experimenter may have stated ‘Tieht. ‘In this’ case you-may 


respond by saying "First, red" or "Amber, second." 
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Obviously another dimension has been added to the reaction time 
task and it will require sustained concentration if stable reaction 
time performance is to be realized. Throughout these trials reaction 
time feedback will be provided to inform you of your performance. No 
information will be given concerning the order judgment or identifica- 
tion task as these are merely subsidiary to the primary reaction time 
task. You are, however, requested to make your judgments and identi- 
fications as accurate as possible and, if you are unsure as to the 
nature of the signal queried or to its order, to force a guess. Remem- 
ber that a random half of all trials will be catch trials in which the 
auxiliary signal will occur alone. Don't get caught on these trials. 
The best way to ensure a good performance is to concentrate on the 
appropriate signal and only worry about one trial at a time. If you 


have any questions please ask them now. 
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APPENDIX 3 
THE "UP-AND-DOWN" STAIRCASE METHOD 


IN PSYCHOPHYSICS 


The staircase method is best described by illustrating its use 
with a specific problem. The following example comes from Cornsweet 
(1962). The problem under consideration is to determine a subject's 
absolute threshold for the sound of a click. The experiment presents 
the first click at some arbitrary intensity and observes the subject's 
response. If the subject says "yes" indicating the click was heard, 
the next stimulus is made less intense; if the subject says 'no' the 
following signal is made more intense. This process is continued 
until a criterion of performance or a 'number of trials' is reached. 

According to Cornsweet (1962) four important conditions are 
predetermined by the experimenter: 1) what value of the stimulus to 
start the series, 2) how large the stimulus increments are to be, 

3) what criterion is necessary to stop the series, and 4) when 
should the series be modified in any way. 

The major advantage of the staircase method is its efficiency. 
"Once the first few stimuli are out of the way, all of the other stimuli 
are very near the threshold-level, each one contributing importantly 
to the final computed threshold-value" (Cornsweet (1962), p. 488). 

The major disadvantage of the method is that only after a few presenta- 
tions, subjects become very much aware of the way in which the stimuli 


are being ordered. One way to reduce any artifacts due to subjective 


137 


et Whe at i 
met pe : 


! 


suit eat gniesisteidy ned bedhiowab! 


howe) mek egies, + tee 


ai raree sy peran Ewe’ Sgt.’ pas iis. rf ta 


alae tdi sit davrseds bad, eexkayaak beaten! woke 
oesas wiles toatl ee anh a ork? taane® wee v . dues) ‘ in 
ade * on! vie! Aditya at ‘}, canal wna a in - 
bowmtiens at earoery Ber | 
batisgay et omer Sec RE coisas” hal ba: ‘al 
ott mitt dbrion art ie ata hie ee ’ 
on aulivetiin Sit ho auley saifee ti 7 stil ait =) nef 
wad a) at estresnmninndn bi ssbb oth ssa ~ cc “a é 
nodw () dom .aobvee ahs gave C 1 reinndeae ake 


«hh ‘at b vein a: eats 


Waderioaes gadsudaasnoa a dows sr toate ee 
7 <a a feaery anosrennedi Lien as ds onde ‘tases oi a 
spinsnirag & Yej2n lap. wry at Pee i 39, ines er ] i 


Hagia ait lade it een anki 40. ican dod bl panied etostdwe yaaons 
seiko MAeuly aerite te. Gare aig a, aid 40 «bernbiae et nee ii 


138 


awareness of the staircase procedure is to concurrently run two 

separate staircases alternating signal intensities from each on 
successive trials. Cornsweet (1962) even suggests going one step 
further. Instead of alternating from staircase "A" on the odd trials 
and staircase "B" on the even trials, randomly assign which staircase 
will be employed from trial to trial. As Cornsweet states: "When the 
random, double staircase method is used, S feels none of the constraint 
that goes with the Single staircase method. .. . Lf, in fact, the 

two series do come together and then run along more or less hori- 
zontally, S must be responding to some aspect of the stimulus itself. . . 
This means that the possibility of the effects of series-interdependencies 
biasing the computed threshold-value is greatly reduced (p. 491)." 

In the present experimentation, two randomized, 40-msec-step 
staircases were initiated. Four, 20-msec-step staircases were begun 
after a predetermined criterion of convergence was met; in this case, 
the mean position of the start and end of the second block of 20 trials 
was required to be less than two steps apart. Figure 24 illustrates 
typical TOJ performance as a result of both the dual 40-msec-step 
staircase procedure and the final four 20-msec-interleaved staircase 
method. Note that in both sets of series the staircases are initiated 
at half-step intervals apart so as to increase the precision in 


estimating the TOJ-ISI relationship. 
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Figure 24. Typical TOJ performance with two- and 
four-interleaved randomized staircase 
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APPENDIX 4 


PROBIT ANALYSIS 


History of Probit Analysis 

It was Fechner who first referred to the fundamental idea of 
the probit method. In discussing the relationship of the difference 
between two weights with the proportion of trials in which the subject 
correctly judged which was the heavier, he suggested that when the 
weight differences were negligibly small a linear relationship would 
be found between the weight difference and a normal deviate. As 


Finney (1964) summarizes Fechner's logic: ". 


. if the proportion 

of right answers were known for one weight difference, the factor of 
proportionality with the normal deviate could be estimated; estimates 
could then be made of the proportions corresponding to any other weight 
differences or vice versa (p. 43).'' The fundamental idea of the probit 
method is a reduction of the sigmoid response curve to a straight 

line by means of a transformation of the responses. This straight line 


transformation allows for predictions to be made concerning the sub- 


jective response for any value along the stimulus continuum. 


The Probit Transformation 

The effect of transformation from percentages or proportions 
to probits is shown in Figure 25. The normal sigmoid curve of subjec- 
tive response is shown here with the straight line obtained when data 


points are replotted on a linear probit scale. The abscissa from left 


to right is composed of negative to po-itive ists, 
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Figure 25. Effect of the probit transformation 


Along the left-hand vertical axis is a linear scale of percentages 
of “auditory signal perceived first" responses with their corresponding 
probit values, and on the right-hand axis is a linear scale of probits 
with their corresponding percentage values. As Finney (1964) describes 
the transformation effect, it "may be considered as a stretching of 
the left-hand scale to give that on the right-hand, during which process 
the sigmoid curve becomes straightened." The probit of the proportion 
P is defined as the abscissa which corresponds to a probability P in a 
normal distribution with mean 5 and variance 1. The probit of any 


expected proportion is related to ISI by the linear equation 


y=5+1/o (x - pw). By means of the probit transformation, the 
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results of an experiment may be used to give an estimate of this 
equation; particularly the median effective ISI may be estimated as 
that value of x that gives y = 5. This value of x is the experimentally 


derived PSS. 


The Probit Regression Line 


After experimental data on the relationship between ISI and 
temporal order judgments have been obtained, the TOJ proportions for each 
ISI must be converted to probits. A simplified version of the table 
prepared by Bliss (1935) and reproduced by Fisher and Yates (1948) is 
included as Table XIV. The obtained probits are then plotted against x, 
the values of ISI, and a straight line is drawn by eye to fit the points. 
The vertical deviations of the points are considered such that the 
distances from the provisional line for the various points are as short 
as possible; this is similar to the drawing of a line of best fit ina 
least-squares solution. The PSS is then estimated from the line as the 
point at which the regression line intersects the 50% point on the 
ordinate, the ISI at which y = 5. The slope of the line is an estimate 
of l1/o and is obtained as the increase in y for a unit of increase in x. 
These two parameters are then substituted in the probit equation to 


give the estimated relationship between ISI and TOJ. 


Test of Chi Square 


To determine the adequacy of the equation derived and the actual 
relationship between ISI and TOJ, a test of x2 (Fisher, 1944) is used. 


Basically a value of x2 that is within the limits of random variation 
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indicates good agreement between ISI and probit points. All probit 
equations in the three experiments were satisfactory representations 


of the results of their respective experiments. 


APPENDIX 5 


RAW PROPORTIONS BY ISI 


Ogives were fitted to the raw data to ae atic the psychometric 
functions reported in the Results section of Experiments I, II, and III. 
The raw data tabulated on the following pages are the actual propor- 
tions of the trials by ISI in which subjects reported that the auditory 
signal was perceived as occurring before either the cutaneous or visual 


stimulus. 
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